WHAT 
YOU 


IN a buyer of alloy steels you are naturally more interested in the quality of 


a company's product than in the magnitude of its operations. But, reflect 


for a moment: 


—Republic could have achieved its position as the world's larges' 


producer of alloy steels only by successfully meeting the rigid require 
ments of a larger number of consumers of automotive, roller bearing 


ball bearing and other quality steels. 


In building its clientele, Republic must have rendered superior meta! 

lurgical service. 
Metallurgists who pioneered in the development of alloy steeis...men who firs! 
offered to the industry the alloy compositions now standardized in the S.A 
4100, 4600, 5100 and 6100 series. 


laboratories. 


‘< 


..the facilities of America’s largest metallurgic 


..modern electric and open hearth furnaces...improved rolling mills 


— these and many other advantages are at your disposal. Avail yourself of then 
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An interesting view of a prosaic operation. 
Mr. Palmer is a welcome antes at many A. S. s. T. tai. In 1917 he 
joined the metallurgical department of Carpenter Steel Co., and since 
1928 has been Assistant to the President. 
“Worcester Tech grad., ten years in the foundry” is a thumb-nail sketch 
of Mr. Judson. Certain metallurgical features of his practice for making 
high strength castings deserve discussion. 
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article, and used much of it in the talk he gave at the Institute of Metals 
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THE 
Detroit 


There could be no more convincing evi- 
dence of the suitability and superiority of 
Timken Nickel-Molybdenum Steel for 
ring gears and pinions than its outstanding 
performance record in Timken Tapered 
Roller Bearings. 


Here is a steel that has met the severe 
test of bearing service in a manner unap- 
proached by any other steel. 


It is very largely responsible tor the 
supreme load-carrying capacity, wear- 
resistance and endurance demonstrated by 
Timken Bearings in industry’s toughest 
bearing jobs. 


The qualities that have made Timken 
Nickel-Moly Steel so supremely success- 
ful in bearings are the qualities you need 


TIMKEN STEEL AND TUBE COMPANY, 
Chicago New York Los Angeles Boston Philadelphia Houston Buffalo Rochester Syracuse 


in your ring gears and pinions, namely, 
uniform chemical properties; uniformly- 
controlled grain size; high carburizing 
efficiency; satisfactory response to treat- 
ment; and high core ductility. 


Timken Nickel-Moly is equally desirable 
from a production standpoint because of its 
excellent machinability; resistance to dis- 
tortion—even when quenched direct from 
the carburizing medium; and response to 
simple carburizing and hardening methods. 


It will pay you to investigate this advanced 
steel. It stands for better ring gears and 
pinions at a substantially reduced finished 
cost. Timken metallurgists are always at 
your service. 


CANTON, OHIO 
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treater who makes up his own bath 


Specially 


mixtures, Cyanide Chloride Mrx- 
ture, 75%; Cyanide Chloride Mixture, 45%; Case Hardening 
Compound, 30% are available for those who prefer them. 


The Sodium Cyanide contents are guaranteed. All are uniform 


and free fromdetrimental impurities. lmmedtate shipments 


can be made from stocks in principal cities. 


on request. Our 


\ 
technical service me will cooperate in the application of these 


Cyanides. 
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| 
For the steel 
Tks 
and for replenishment of baths, we offer cvsxecc* 
the purest commercial Cyanide, regularly analyzing 96-98 % | 
Sodium Cyanide. Each container 1s labeled | | 
NN 
| 
== =f Prices and literature 7 
I, DU PONT DE NEMOURS & CO., INC. 
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Why Call it a “Hack” Saw? 


Factors 


That Affect 


Machinability 


By F. Rh. PALMER 


Assistant to the President 
The Carpenter Steel Co. 
Reading, Pa. 


ESPITE THE LARGE AMOUNT OF 
work done on the problem of machinability of 
metal (and its companion problem, the etfti- 
cieney of cutting tools) it is still impossible to 
discuss the question in precise terms before 
general audiences. While a trained investi- 
gator can draw conclusions based on cutting 
speeds and feeds, the information readily avail- 
able in the machine shop is of a much more 
qualitative nature, and is strongly influenced by 
personal opinions and by individual conditions 
in the shop. 

Strangely enough, a little trick of the Eng- 
lish language has done much to befuddle the 
subject. One dictionary consulted gives thirteen 
definitions for the word hard. ‘The first detini- 
lion is of interest and in this instance we will 
spell the word in italics: Hard means “not easily 
penetrated; firm; solid; opposed to soft.” Of 
the remaining twelve definitions, seven start 
with the word difficult. Let us now print it 


no small capitals: means “difficult.” 


APRIL, 1933 


When we say “That piece of steel is than 
to machine.” we mean “diflicult to machine.” 
The moment the sentence is out of our mouth, 
however, we forget we said HaKD and start to 
think Aard (meaning “not easily penetrated”) 
If vou are disposed to doubt this, just recall 
that vour very next idea usually is “Let's anneal 
it.” The dual meaning of this word has been 
responsible to a large extent for the fallacy that 
steels that are difficult to machine are always 
too hard and ought to be annealed softer. 

We will therefore avoid the word tarKp 
When 


we mean difficult we will say difficult and when 


(meaning diflicult) this discussion. 


we sav hard we mean not easy to penetrate (as 
for example with a Brinell ball or a Rockwell 
or Vickers brale). 

here are at least six separate and distinet 
factors which may influence the machinability 
of steel. Each will be briefly described. and 
theoretically each can be met in two ways 
either by changing the machining practice to 
suit the material, or by changing the material 
to suit the existing machining practice. Sug- 
gestions for applving both corrections will be 
viven as we proceed. 

Hardness Indentation hardness is a rela 
tive term. Dead soft annealed high speed steel! 
(Brinell about 220) is much harder than dead 
soft annealed carbon tool steel (Brinell about 
160), which in turn is much harder than an 
nealed mild steel (Brinell about 90). and even 
this is harder than soft brass (Brinell about 
99). A Brinell hardness of S00 is frequently 
regarded as the top limit for commercial ma 
chining. 

Increasing the indentation hardness inter 
feres with machining in three wavs: 

It increases abrasion on the cutting 
of the tool. 

2 It generates more heat, tending to softer 
the tool. 

It increases tool pressures and the 
power necessary for machining. 

Several corrections may be oat the 
machine to counteract greater Brinell hardness 

# Reduce the speed, 

2. If possible, increase the depth of cut to 
compensate for lost speed. 

3. Grind the tools with blunter cutting 


less rake and clearance. 
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1. Cool the tool with a cutting compound. 

Correction in the material: 

1. Anneal it to a softer condition, if pos- 
sible and permissible. 

Softness It is the writer's belief that a 
stecl cannot be too soft: for easy machining. 
True, machining difficulties will frequently at- 
tend excessive softness but the trouble is due 
rather to a toughness which usually accom- 
panies soft metal and causes a gummy machin- 
ing operation because the chips are reluctant 
to leave the metal. Cast iron and 
brass are very soft, compared to 
steel, vet they machine easily because 
they are not stringy and tough. Even 


the softest mild steel will machine 


freely and easily if it is embrittled 


by a suitable addition of phosphorus 
and sulphur. 

Toughness is a factor in machin- 
ability because it interferes with the 
separation of the chip from the piece. A tough 
metal tends to stretch and tear off instead of 
breaking or crumbling off. Increasing tough- 
ness causes one or more of the following: A 
poor finish on the job, a tendency for burrs to 
form on delicate corners, greater heat on the 
extreme edge of the tool, and the presence of 
long, stringy chips that foul the machine. 

Four corrections can ordinarily be made at 
the machine: 

Grind the tool sharp- is, with 
more clearance and rake — to “pare” the metal 
off the block. 

2. Use chip breakers or lip) grooves to 
break or curl the chips. 

4. Use plenty of coolant. 

1. Use fine cuts and feeds for finishing. 

Possible corrections to be made in the ma- 
terial are listed below with the warning that 
the last-mentioned corrective is permanent, 
Whereas the others can be changed by subse- 
quent heat treatment. 

I. Do not anneal so soft greater inden- 
tation hardness usually decreases the toughness. 

2. Procure the material with a cold drawn 
finish this increases the hardness but) de- 
creases the toughness. 

Produce a brittle microstructure. 

1. Add some embrittling agent to the com- 


position of the metal. 
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Microstructure, which is still another factor 
entering into machinability, may be varied by 
manipulation in manufacturing the steel or its 
subsequent heat treatment. The term applies 
to the various forms of pearlite, grain size, ce- 
mentite network, ferrite banding, normality, 
and timbre. 

There is no agreement among machine 
shops as to the effects of such structures. For 
instance, one shop will demand 100°, spheroid- 
ized pearlite in a high carbon steel, another 

100°, lamellar pearlite, while a third 
will want a mixture of both. This 


does not mean that the machinist 


does not know what he wants, be- 


cause he usually does. But it means 


that a microstructure which is con- 


sistently satisfactory to one user will 
be turned down by another user as 
responsible for poor machining. The 
only answer to this is for the steel 
mills to work out a structure for each individual 
requirement and then adhere rigidly to it. This 
is only one of the things which remove “ma- 
chinabilitv” from the realm of exact science. 

One factor merits separate attention —— the 
pro-eutectoid carbides. Certain high alloy 
steels, rich in carbon, will deposit some of their 
carbide at the moment the steel freezes in the 
ingot. This carbide cannot be dissolved or dif- 
fused by any method of heat treatment, and 
continues to exist as so much hard, gritty abra- 
sive embedded throughout the steel. The steel 
maker, by proper casting, forging and rolling 
mill practice, is only able to break up these 
carbides into fine particles, uniformly distrib- 
uted throughout the bar. High speed steel, high 
carbon, high chromium tool steel and most 
stainless steels containing over about 0.7. 
carbon are good examples. 

These hard carbides serve a useful purpose 
by increasing the wear resistance of the finished 
part, but in the meantime they definitely inter- 
fere with its free machining properties. Their 
effect on machining is of an abrasive character. 
Furthermore, they increase the apparent hard- 
ness of the metal by acting as “keys” to resist 
indenting, forming operations, or the removal 
of chips. 

Several corrections may be made at the 


machine, as listed above under the side-head 
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lardness. In addition one should use the hard- 
est and most wear resisting cutting tool that 
in be had. 

Possible corrections in the material are 
limited by the fact that this carbide cannot be 
eliminated in any given analysis. Otherwise 

1. Careful melting and casting to avoid 
segregated carbides is helpful. 

2. Annealing should usually be to as soft 


state as possible —a tedious operation, hut 


well worth while to aid machinability. 
Hardening by Cold All metals, 
when plastically deformed cold, will acquire 
added hardness and lose a certain degree of 
toughness. If a steel is not too tough to start 
with, and does not work harden too rapidly, 
it may be cold worked to improve its machin- 
ability, as noted above under “correctives for 
toughness.” The following paragraphs, how- 
ever, are designed especially to apply to steels 
having an austenitic structure. These work 
harden very rapidly — that is, a small amount 
of cold work produces a disproportionate in- 
crease in hardness. In such steels the machin- 


ing operation interferes with its own progress. 


Cutting Generates Hard Metal 


When a cutting tool plows off a chip, it 
necessarily smears and work hardens the ma- 
chined surface; the next cut over that surface 
must remove the metal hardened by cold work. 
lhis action is particularly noticeable in milling 
or drilling where cuts follow each other in 
rapid succession. It may even be assumed that 
the metal immediately in front of the tool's 
cutting edge is compressed and therefore hard- 
ened just before it is separated from the piece. 
Furthermore, the chips are greatly hardened 
and exert a correspondingly greater pressure, 
ind the added friction is responsible for more 
heat on the nose of the tool. 

Corrections to be made at the machine to 
iiitivgate this effect are: 

1. Decrease the speed materially. 

2. Never let the tool especially a drill 

stop feeding and glaze the cut. 

Use sharp rather than blunt) cutting 
igles on the tools. 

As to corrections in the material: Little 


in be done with an austenitic steel to modify 


RIL, 1933 


or avoid its work hardening nature. Such steels 
are almost invariably tough and some of them 
also have highly frictional characteristics 
both of which can be improved by slight modi- 
fications in the analysis of the steel, 

Frictional Properties — Nothing much was 
heard of this factor prior to the advent of the 
high chromium, corrosion resisting steels but it 
is now recognized as a variable to be distin- 
guished from those already described. The 
problem involved is exactly the same as trying 
to let go of a small piece of adhesive tape. 

In machining, after the chip has been sep- 
arated from the piece, it is supposed to slide 
back over the lip of the tool, clear itself, and 
get out of the way. Sometimes it does not do 
it; a portion of the chip adheres to the lip of 
the tool and refuses to be dislodged. The ma- 
chinist calls this a bug. After the cutting edge 
is all stuck up with bugs, it cannot function 
properly particularly on delicate cutting 
and both the speed and the finish usually suffer. 

Of course, all steels have some frictional 
properties in the above sense, but the high chro- 
mium stainless steels seem to possess them to 
an unusual degree. Tooling which will cut 
freely on almost any other kind of steel will 
choke up on stainless steel and literally mangle 
the job. 

Corrections at the machine: 

1. Other things being equal, bugs form 
most quickly under high chip pressures and 
high temperatures —— reducing the cutting speed 
is therefore a big help. 

2. Grind tools with a steep top rake, which 
helps to skid the chips off. 

3. Stone out the grinding marks on the 
cutting edge, as chips slide best on a smooth 
surface, 

Corrections in the material: 

1. Heat treat the steel to the highest hard- 
ness that can be eco- 
nomically cut. 

2. A fundamen- 
tal correction can be 
made in the analysis 
by adding some sul- 
phur or selenium 
the latter will) com- 
pletely overcome the 
difficulty. 
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Melting 


High Test 


Non - Shrinking 


Pearlitic Iron 


By H. H. JUDSON 


Goulds Pumps, Ine. 
Seneca Falls, N.Y. 


O MANY ARTICLES HAVE BEEN 
printed during the past two or three vears on 
the subject of high test iron that another might 
seem superfluous. However, the methods used 
in the author's foundry are very different from 
those hitherto described. Our experiences with 
this particular iron also are different. It. is 
hoped, therefore, that this paper will present 
data of interest on these two points, thereby 
promoting a discussion likely to answer several 
questions still remaining in the author's mind, 
principally concerning the fact that our iron 
has very low (if any) solidification shrinkage. 

SIX Vears ago a series of experiments was 
conducted in the foundry of Goulds Pumps, 
Ine. to develop an iron that would be suitable 
for use in the fluid ends of high pressure pumps 
(especially the ends of oil-line pumps). These 
fluid ends or evlinders are heavy castings weigh- 
ing from 2000 to S000 1b. Wall thickness varies 


from L's. to 2's in. the average being 2!', in.; 
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internal sections are much heavier. This give 
a slow-cooling casting, which, under our old 
methods, was prone to develop internal shrinks 
or draws. 

The principal purpose of these experiments 
was to determine what effect the various com 
mon elements occurring in cast iron had upor 
the strength of the castings. The series included 
heats made up of different burdens, all of which 
contained steel rails but with various amounts 
of malleable pig, charcoal pig, low silicon pig 
and allovs of nickel and chromium. Cylinders 
were cast from these heats and then were ma 
chined and tested to destruction. 

Average bursting pressure was in the neigh 
borhood of 3500 Ib. per sq.in. Tensile tests 
on samples cut from the walls of these cvlinders 
gave a streneth of from 30,000) to 35,0000 Ib 
per sq.in. Chemical analyses showed a range 
of silicon contents from to 2.05), manganese 
from to 1.0%. and total carbon from 3.10 
to BAO. 

These physical tests were not suflicient to 
meet the needs of the engineering department 
However, an analysis of the results of the va 
rious tests showed that the one element having 
the greatest effect on the desired properties was 
carbon. joth the percentage of total carbon 
present and the condition in which it existed 
in the casting were found to be of equal im 
portance. (Results from the alloy heats were 
not uniform, owing to the lack of knowledge 
at that time of the proper use of these alloys 


and the interpretation of the data obtained.) 


Carbon the Important Element 


The fact that carbon is so important an 
element, insofar as strength and pressure tight 
hess are concerned, was not a new discovery, 
but our experimental heats proved conclusivels 
and emphatically that it had, above all other 
elements, the most profound effect on thess 
properties. The lower the total carbon and 
graphitic carbon, within certain ranges, the 
stronger and finer grained was the resulting 
iron. Hence, the problem resolved itself into 
one of reducing the total carbon content and 
controlling it. 

In cupola melting, the one simple means 


of reducing the total carbon of a= cast iron 
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ixture is by adding steel rails to the burden. 
hey had always been used throughout the 
sundry industry in the regular “semi-steel” 
iixtures, and their use at Seneca Falls was 
ontinued, but in an unusual way. Since it was 
so desirable to reduce and also to control the 
arbon content, and since the use of steel rails 
n the burden was a means to that end, it was 
decided to melt the rails in a separate cupola 
to a very hard iron, unsuitable for casting. 
fhe softening materials then would be melted 
in another cupola and the two irons mixed in 
one ladle. An experimental heat was run ac- 
cording to this method with such excellent 
results that the idea was developed until it was 
practicable production, 

Fest bars from these early heats were not 
of much value. The cooling rate of the sep- 
arately cast test bars was so much faster than 
that of the evlinders that, although bars and 
evlinders were of the same chemical composi- 
tion, the mechanical properties were widely 
different. To have a more accurate and direct 
check on each heat an extra evlinder was cast, 
machined and tested to destruction under hy- 
drostatic pressure. This test was very costly, 
so a test evlinder was designed of the same 


wall thickness and general proportions as the 


Test Cylinder With 2\4-In. Walls, Cast With Each 
Heat During an Investigation to Develop an Iron 
Foundry Practice Suitable for Pressure Castings 
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pump evlinder but with necessary machining 
reduced to a minimum. One of these evlinders 
was cast with each heat and broken under pres 
sure during the remainder of the investigation, 
Phe evlinders from an ordinary semi-steel heat, 
cast during the original investigation, would 
burst at about 3500 per sq.in. pressure. Phe 
same type of evlinder cast with two-cupola iron 
would develop a bursting pressure of GOOO Tb. 
per sq.in. Wall thickness of this) evlinder, 
shown in the half-tone, is in. 

Phe melting method finally evolved and 
how in operation is as follows: The steel rails, 
with some spiegeleisen and high silicon pig, are 
melted in a cupola lined to Otin, diameter. One 
row of tuveres, set 7 to & in. above the sand 
bottom, is used. The tap is continuous through 
a spout of the skimming type. The coke bed 
extends 34 in. above the top of the tuveres. 

Blast is supplied by a motor-driven, posi 
tive displacement blower. It ts measured by 
a volumetric recorder of the orifice-plate type, 
and runs between 5100 and S600 cu.ft. per min. 
Pressure starts at Tl oz. and drops gradually 
to or 8 oz. at the end of the heat. Blast volume 
is held between the stated limits throughout 
the heat by manual control of the blower motor. 

At the beginning the coke bed ts’ burned 
through very completely 

1 rule adhered to re 
ligiously, Then the steel 
rails, with the spiegel- 
eisen and high) silicon 
pig, are charged care- 
fully by hand. Each 
charge is kept as level 
as possible. The cupola 
then stands fully 
charged for an hour 
and a quarter with the 
tuvere covers opened 
wide so as to provide 
a strong natural draft 
to preheat the entire 
shaft. The blast is then 
started and the time 
noted when iron drips 
past the tuveres, which 
usually is 5 to 6 min. 
Pap-out comes min. 


after these drops are 


a 
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| 
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first seen, and an optical pyrometer indicates 
an apparent temperature of 2550) (no cor- 
rection for emissivity). All the metal is tapped 
into one ladle. 

In the meantime, the cupola for melting 
the soft iron has been in blast. A ladle sus 
pended from a crane seale is placed under the 
spout and a predetermined weight of soft tron 
is run into it, and it is then poured into the 
ladle of hard iron from the ot-in. cupola. When 
suflicient iron has been caught to make the 
desired mixture, the molds are poured. 

kor a specific example, the analyses. of 
hard-iron samples taken from. the spout. at 
o-nin, intervals during a short heat are given 
in the table in the next column. ALL this tron 
was tapped into one ladle, this fact offsetting 
the wide variation in analyses, and 7500 Ib. of if 
were mixed with 2000 Ib. of soft iron having 
the following analysis: Silicon 210°). sulphur 


manganese Oo! phosphorus 


total carbon 3.50) Analysis of the resultant 
mixture poured into a line-pump evlinder (from 
which the sample was taken) was as follows: 
Silicon 1.70! O.105 


1.00°,, 


sulphur manganes. 


phosphorus total carbon 
eraphitic carbon 1.90%, combined carbon 0.75' 
Samples were taken through the 2!,-in. 
wall of the evlinder, this evlinder having 5° ,-in. 
bore and weighing 23800 Ib. Tt will be readily 
seen that a casting of this size would cool very 


slowly, vet the excellent properties obtained are : 


Pensile strength 16,000 Tb. per sq.in. 


Shear strength Tb. per sq.in. 
Brinell hardness 
Bursting pressure 6,000 Tb. per sq.in. 


Transverse tests made on standard 1!,-in. 
round arbitration bars, supported on 12-in. 
centers, gave OOOO Tb. transverse strength and 
in, deflection. 

Mixtures and properties given above are 
for one specific job. and they vary somewhat 
depending upon the requirements for the fin- 
ished castings. Charges into the hard iron 
cupola fall within the following limits: Rails, 
1500 to Tb. silicon pig 120 to 110 Tb., 
20°, spliegeleisen 65 to SO Tb. coke splits, 180 Tb. 
The soft iron is also controlled within the fol 
lowing limits: Silicon 2.10 to 2.70°), manganese 
0.90 to 705. sulphur phosphorus 


max. total carbon 3.10 to 3.60" 


Five-ton ladles are then made up with 7000 


to S000 Ib. of the hard iron, and 1800 to 2% 


Ib. of the soft. Castings fall within the follow 
ing analysis limits: Silicon 1.10 to LS8O', sul 
phur O10 to 
phosphorus 0.150 max.. and total carbon 2.1) 
to 2.80',. 


manganese O85 to 


Photomicrographs such as those shown o; 
page 23, prove that the iron is distinctly of pear! 
itic structure, with no free ferrite and only 
occasionally some free cementite. The graphit 
exists in short flakes and is nicely broken up 
A fracture of a heavy piece shows a remarkably 
uniform grain structure throughout. 


Uniformly Satisfactory Service 


This iron has fulfilled all of our requir 
ments. Over 1000 evlinders of various kinds 
cast from this metal are in service, operating 
at pressures of from 150 to 1500 Tb. per sq.in. 
is over five vears since the first one was placed 
in service, and as vet we have had no breakag 
reported from the field. evlinder is 
checked (before it goes to the machine shop) 
for chemical analysis, shear strength, and 
vraphite distribution, all of which are deter 
mined from a sample cut from the wall of the 
casting itself. These three checks enable us 
to discard instantly any evlinder which may 
be off owing to poor foundry practice. 

Behind this method of producing high test 


iron is the idea that melting the steel in on: 


Samples from Cupola Melting Stee/ Rails 


Silicon\| Sulphur \Mangenese| Phosphorus 
5min.| 1.07 | 0.128 0.080 2.62 
10 min.\ 2.08 | 0.090 1.44 0.078 7,50 
5 min.\ 2.22 \ 0.082 1.7, 9.042 2.40 
20 min.\ 0.91 | 0.096 0.85 0.G87 2.70 
25 0. J. a 73 


J| 0.065 | 097 0.082? 


cupola and tapping all of it into one ladle en 
ables us to gage the carbon content of our fina! 
mixture. There is nothing in the steel burde: 
to throw us off, because the raw materials neve! 
change, nor does the cupola operation. Sol 
iron analysis is held uniformly close to spec 

fications from day to day. More important stil 


the quantity is weighed accurately. Thus, 1 
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effect on the final analysis is known beforehand, 

The coke bed in the hard iron cupola may 
seem low to an experienced melter. It was 
adopted after a series of experimental heats 
had been run to determine the effect of bed 
height on the iron. Results showed that with 
uniform blast, coke splits and charges, the car- 
bon content increased with increase in bed 
height. Carbon content also increased with 
increases in coke splits, providing the blast, bed, 
and charges were held uniform. A 3t-in. bed is 
low enough to prevent too great a carbon pick- 
up; coupled with a 1',-hr. soaking period and 
proper blast volume, it is high enough to bring 
the iron down white hot from the start. The 
amount of coke through which the molten iron 
drops is held to a minimum by setting the 
tuveres as close to the sand bottom as possible. 
This, too, helps to prevent carbon absorption. 


The continuous tap also conduces to uni- 


formiron. -lron is withdrawn as fast as it melts, 


so that it does not lie in contact with the in 
candescent coke in the well of the cupola. Blast 
volume is held constant so that a uniform: melt 
ing condition exists; a high blast makes for a 
lower carbon content, but this gain is more 
than offset by excessive loss in silicon and man- 


At the start of this development, the blast 
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Vixture of Hard lron and Gray lron Has 
Graphite Flakes Well Broken up in Pearlitic 


Vetal. Magnifications 30 and 500 diameters 


volume was determined by the speed of the 
blower: we had no means of measuring it ex- 
actly nor of holding it uniform throughout a 
heat. As the heat progressed the pressure drop 
through the cupola would gradually decrease 
and the blower would pick up speed, thus caus 
ing a gradual increase in’ the blast) from 
approximately 5200 cu.ft. per min. at the start 
to OSOO or cu.ft. at the end. Carbon content 
decreased slowly through the heat. 

Castings poured from these carly heats 
would show spongy spots under the risers 
These defects resembled a combination shrink 
and gas cavity. Larger and higher risers wer 
used, but still the spongy spots occurred. The 
molds were made in drv sand and the cores were 
open and well vented, so that the defects were 
chargeable directly to the iron. 

Installation of the blast-volume recordet 
brought with it a sure means of measuring and 
controlling the blast. As soon as the meter 
indicates an increase in blast volume, the motor 
is slowed down to. thr speed that will bring 
the volume back where it) belongs. Since 
inaugurating this practice there has not) been 


the first sign of a defect under a riser 


| 
| 
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Spongy spots, we believe, were caused by 
the presence of gas in the iron which was re- 
leased when the iron set and gathered at the 
last place to freeze, directly under the riser. 
Presence of gas in the iron appeared to be 
caused by a non-uniform melting condition, 
when, toward the end of the heat, the increased 
blast volume brought about an oxidizing con- 
dition, or at least a condition that would intro- 
duce gas into the metal. One might argue that 
an increase blast would tend to raise the 
melting zone; actually it burns coke in charges 
above the melting zone so that the actual height 
of the bed was decreased instead of raised. 
Phos, the melting took place too close to the 
tuveres, 

Control of the blast volume has done away 
with this condition. There are no gas pockets 
anywhere in the castings now. 

In the early development we had some 
trouble in getting iron hot enough fluid 
cnough to pour; at times iron would freeze on 
the lip of the crane ladle while pouring. Tron 
of this same analwsis, melted with the blast 
held uniform, is now sufficiently hot and fluid 
to meet all our needs, 

Phe above experiences are mentioned be- 
cause many foundrymen object to a low carbon 
iron, saving that it sets too quickly and shrinks 
excessively, Our experience was quite similar 
until the melting conditions were corrected. 

All new designs of evlinders are now 
molded with ftlow-off risers only, 
not large enough to feed. Regard- 
less of the sections of the castings, 
varving from in. up to fin. no 


feeding risers are used. Castings 
have been broken up small 
pieces and have shown no signs of 
internal shrinkage, open-grained 
metal, nor gas pockets. One par- 
ticular job weighing 2500 Ib. has a 
circular pipe section in. thick 
abutting on a section varving from 
Soin. to dls in. thick and forming 
a sharp re-entrant angle, a condi- 
tion that) promotes shrinkage. as 
evervone knows. risers” are 
used in pouring even this casting, 
vet they are entirely sound and 


solid and are tested at 3500 Ib. per 
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sq.in. pressure and do not sweat. They operat 
under 900 Ib. per sq.in. oil pressure, and even 
then show no signs of sweating. 

This same kind of iron is poured into small 
vreen sand jobs, such as pump plungers, glands 
and levers. Standard gates are used. The iron 
is very hot, so that we experience no difficulty 


in making the castings run. No risers are used 
Solidification Shrinkage 


Phe iron seems to have almost as long a 
molten life as our other grades, although such 
was not the case before we hit upon the prope: 
blast condition. Before, we had difficulty at 
times in pouring a 5-ton ladle of iron into three 
molds without iron freezing on the lip; now, 
we can hold the metal for 15 min. before pou 
ing and encounter no difficulty with dull metal 
This is offered as proof that a cast iron low in 
carbon does not necessarily have a short molten 
life. (We do not make it a practice to hold the 
metal in the ladle, because a finer grained struc 
ture is obtained by pouring hot.) 

One question in connection with this melt 
ing practice we would like to have answered 
“What is there about this iron that) makes 
it ‘non-shrinking,” insofar the shrinkage 
troubles of the foundry are concerned?” Low 
carbon cast irons are supposed to shrink ex- 
cessively, a thought that we, like many others, 
had entertained. However, this particular iron 
does not act in that way. 
We have no explanation 
to offer as to why it does 
not. We have entertained 
the thought that it might 
be an iron of an eutectic 
nature, because it has a 
very narrow. freezing 
range, a range so narrow 
that the volume decrease 
between the liquid and the 
solid state does not occur 
in one spot (as a shrink- 
hole), but owing to lack 
of time is disseminated 
throughout the entire cast 
ing. Discussion of this 
viewpoint would be most 


enlightening to us. 
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Hints on 


Forging the 


Stainless Steels 


HIGH CORROSION 


and heat resisting allovs makes it expedient 


COST OF 


for the manufacturer to watch very care- 
fully all operations during the fabrication 
of articles from these metals. The design 
of dies and tools must receive the utmost 
consideration in order that spoilage during 
fabrication will be at a minimum and that 
flash and waste will not be excessive. 
Forging of Large Masses — Probably 
the purchaser of stainless bar stock will 
never be called upon to make what might 
be called large forgings. He will probably 
rely upon some outside organization which 
possesses the specialized equipment and 
staff, 


to emphasize that the slow and thorough 


But at any rate, it is not out of place 


preheating of large billets is equally as im- 
portant as it is for moderate sized forg- 
ings. Definite recommendations will be 
made below. 

Selection of Raw Materials 


speaking, all the well-known grades of stain- 


Generally 


less steel and iron are readily forgeable. 
the 18-8 and the chromium-nickel-silicon- 
ron twpes, while presenting slighty greater 
chromium 


difficulties than the straight 


ypes, are readily forged even into the 
lost difficult’ shapes, providing the tem- 


erature of the metal is carefully watched, 
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By R. W. THOMPSON 


Chief Metallurgist 
rransue & Williams Steel Forging Corp. 
Alliance. Ohio 


KRecentric Shaft for Gasoline Pump 


and the blank is reheated at the necessary intervals. 

Purchase specifications covering the quality of 
the bar stock should be carefully checked the 
metallurgist, and the material adequately inspected 
before fabrication is allowed to proceed. Of course, 
it is to be understood that the type and grade of 
steel is to be determined by the use and service 
expected for the particular application. These con- 
siderations are: (1) Corrosion resistance, either wet 
or dry, (2) physical properties, including strength 
at elevated temperatures, and (3) wear resistance 
or hardenability of the metal. These matters cannot 
be discussed at length, but are mentioned as being 


of prime importance in the art of satisfving the 


ultimate consumer. 

Chemical analysis of the bar stock “as received” 
vives a check of the relationship of the chemical 
elements in the steel and determines the heat treat 
ment and the susceptibility to hardening. Bars 
should then be carefully examined for surtace cde 


fects. Deep roll marks and seams in stainless steels 


| 
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present a more serious problem to the forger 


than they do in carbon and the ordinary alloy 
steels. This is due to the resistance to flow and 
to the poor welding action during forging. 

Disks cut from the ends of several bars 
should be deeply etched in concentrated hydro- 
chloric acid and water (equal parts) at 1607 PF. 
(which corrodes them readily) to insure the 
soundness of the material. 

Healing operations preparatory to forging 
are of utmost importance and every considera- 
tion should be given this phase of operation. 
As these steels are very susceptible to grain 
growth when heated or soaked at high temper- 
atures, they urgently demand a properly con- 
trolled heating furnace. These furnaces should 
be of the semi-muffled type, protect the 
thermocouple and the work from the direct 
sweep of the flame, thereby making it possible 
for the actual furnace temperature to be in 
close relationship with the temperature of the 
forging bars. Such a furnace, built of ample 
size to handle the necessary production, will 
give ideal service for stainless steel heating if 
fired with the proper mixture of air and fuel 
and maintained in cleanly condition. 

Small bars, 1 in. round or under, if heated 


carefully and not too rapidly, may be heated 
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Large Forging Furnace, 75 Ft. Deep, Serves 
\W00-Lb. Hammer. Two-door preheat at left 
is 7 ft. 10 in. wide, and three-door production 
chamber at the right is 16 ft. 10 in. wide 


to forging temperatures without the necessity 
of preheating. All bars of greater cross-section 
should be preheated thoroughly in a furnace 
with controlled temperature, located adjacent 
to the high temperature forging furnace. The 
length of time in the preheating furnace is about 
twice that necessary to heat any of the ordinary 
carbon steels of equal cross-section. The forg 
ing furnace should also be automatically con 
trolled; in it the preheated bars may be rapidly 
brought up to the proper forging temperature 

The straight chromium types of corrosion 
resisting alloys should be forged from tempera- 
tures between 20007 F. and 2200) F. 


may be slightly modified for steels in the high 


This range 


carbon ranges, the temperature being reduced 
with the increase of carbon. The 18-8 types 
require a slightly higher temperature for forg- 
ing, usually beginning at 2100° F. to 22007 F.. 
while the reverse of this analysis, or the 17 to 
22), nickel and 7 to 10° chromium steels, wil! 
not withstand a forging temperature much ove! 
2100) 
lovs should be 1500) F. to 1600" F.; allow plenty 


Preheating temperature for these al 
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time to soak the bars or billets throughout. 
The forger, with a little care. wiil 
ive no difliculty in preventing injury to the 
tainless alloys from too cold a working temper- 
ture. In most cases effective deformation is 
practically impossible at teniperatures far above 
the point of injury to the metal. Also, the 
forging will usually stick in the dice impression. 
the limit of effective deformation may be con- 
sidered at 1750) F. 


tvpes and at 18507 F. for the chromium-nickel 


for the straight chromium 
ivpes. An exception to this may be cited in 
the forging practice on 16 to 20° chromium 


stainless irons which should be worked to about 


1100s. to develop proper grain refinement. 
Hammers Low carbon, high chromium 


allovs require about 25°. more blows under a 
hammer in forging than is necessary for ordi- 
nary steels. This general statement is only a 
rough guide for the type mentioned, for the 
stiffness at forging temperature increases rap- 
idly with the carbon and nickel. Cutlery grades, 
for instance, work like a high speed tool steel. 
Some of the complex alloys, intended for high 
temperature service, are also inherently stiff at 
forging heats. 

It is considered more economical to give 
the required additional blows than to employ 
a larger size hammer, which would increase the 
overhead charges and reduce the service life 
of the die blocks. On account 
of the 


blows and the resistance of 


additional hammer 
these metals to deformation, 
several reheatings are some- 
limes necessary to make a 
given part. To prolong the 
forging operations the re- 
quired amount, the semi-fin- 
ished forging is placed in the 


high temperature furnace and 


again rapidly brought back to 
forging heat. 

Steam hammers are gen- 
erally best suited for forging 
stainless because of their abil- 
'v to strike either a light or 
eavy blow at will and their 
nore rapid action. For some 
‘asses of forgings the board 


op hammer is as satisfac- 
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tory as the steam hammer, especially for small 
forgings where there is litthe work to be done 
in the edger or drawing tool. Also there are 
many forging designs which may be adapted 
for board hammer work by putting additional 
steps in the die for breaking down, or by in- 
cluding an extra semi-tinishing impression. 

As remarked at the outset, care in designing 
the die and using hammers in good condition 
will repay for itself many times in reducing 
the amount of normal serap (fash and tong- 
holds) and of abnormal scrap (wasters and 
defectives). Machining allowances, size toler- 
ances, and necessary draft) do not) vary” in 
forgings of the same size and design from those 
necessary in carbon steels. 

In upsetting or in header operations most 
forgings require as many passes as can be 
tooled in the upsetting machine. These extra 
steps in forming will avoid the troubles often 
occasioned by stressing the metal too much and 
tend to keep scrap losses at a minimum. It ts 
usually found necessary to use a size larger ma- 
chine on the high chromium-nickel alloys than 
that used on ordinary forging steels. 

Forging defects are more prevalent in the 
forging of stainless steels than in ordinary steels 
because of the critical temperatures that must 
be maintained and the comparatively narrow 


range in forging. Even a slight overheating 


Instruments and Charts for Automatic Control of Pre- 
heating and High Hecet Chambers Are Behind Glass Win- 
dows so Hammer Men Can Be Sure the Heat Is Right 
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will cause a split or rupture in the metal, while 
too cold a working temperature will cause cold 
shuts and checks. Oftentimes considerable 
trouble can be eliminated by striking the first 
few blows of the hammer lightly and not at- 
tempting too severe a reduction at first. 

Die Steels The grade or type of forging 
die and trimming die steels used should be 
considered from the standpoint of design of the 
forging and the production requirements, figur- 
ing that the die life when forging stainless will 
be approximately 75°, of that obtained when 
forging ordinary steels. In other words, it 
is considered necessary to use an exceptionally 
high grade die steel for a given order, due to 
forging design or for a long run in production, 
it may be considered even more necessary when 
making the part in one of the stainless alloys. 

Trimming — When it is at all possible, forg- 
ings of resisting allovs should be hot 
trimmed and restruck at the hammer. The 
temperature at which this operation is) con- 
ducted is very important in order to avoid tear- 
ing or breaking which often occurs if the part 
is trimmed too cold. When cold trimming is 
hecessary for some compelling reason, it is 
usually necessary to anneal the parts before- 
hand, because the unavoidable variations in 
finishing temperatures and cooling rates) pro- 
duce pieces of varving hardness and make it 
more or less difficult to trim the cold alloys, 
even those that do not air-harden, 


(ooling — Forgings made from these alloys, 


Valve Gate and Seat Are Typical Forgings 


if finished ata uniform and proper temperature, 
will have a good surface appearance; and, i! 
allowed to cool in a clean container free of oil 
or grease, will produce a very presentable prod 
uct. Any oil or grease on the hot forgings will 
cause a fusing or baking of these substances on 
the forgings, and cause difliculties in preparing 
a clean pickled product. 

Barring abuse, the rate of cooling afte: 
forging does not need to be carefully watched 
in the ferritic chromium-iron alloys and_ the 
truly austenitic alloys (iron-chromium-nicke! 
and more complex twpes), for there is no phase 
change in the structure. On the other hand, 
the martensitic alloys — that is, those which 
air harden or oil harden—may at times crack 
during the cooling. This is due to the differ 
ential expansion which occurs in the solid metal! 
(none too plastic) at the transformation ranges 
The risk increases with the complexity of the 
part, variations in cross-sections and contours 
and surface roughness. Troubles may 
avoided by a slow cooling through the trans 
formation of austenite to pearlite (11007 EF. to 
1100) F.) or through the change from austenit 
to martensite (700) F. down to 100° F.).) Tt may 
even be necessary to place the trimmed anc 
restruck forgings directly into a furnace held 
in the lower region of these ranges and soa! 
them long enough for the structure to chang: 

Inspection — The proper pickling will read 
ily uncover all surface defects and allow a mos 


thorough inspection. 
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Heat 


Treatment 


of Cobah 


High Speed Steel 


TENTATIVE RECOMMENDED PRAC- 
tice for the heat treatment of cobalt high speed 
steels was adopted recently by a subcommittee 
of the Recommended Practice Committee, A.S. 
S.P.. and is given substantially in full below. It 
will retain the tentative status for at least one 
vear during which time criticisms are solicited. 
It is not intended for a speci- 


fication. 


Heat and uniformly to 
Do not forge these steels after 


1650 


Forging slowly 
about 2100) F, 
they below F.. as cracking 


hay cooled 


may result. After forging, the steel should not 
be allowed to cool in air but should be buried 
immediately in some heat insulating material so 
as to cool slowly; otherwise forging strains may 
cause cracks in cooling. These steels must be 
annealed after forging. 

Annealing — Pack in a suitable container 
with mica dust or sand to which has been added 
approximately 1°. of charcoal by weight. Heat 
to a temperature of from 1600 to 17000 FF. and 
hold until the heat has thoroughly penetrated 


the Mass, Furnace cool as slowly as possible. 


Hardening 


Preheating — Heat slowly and uniformly to 
a temperature of 1450 to 1500) FF. Hold at this 
temperature until the steel is thoroughly heated 
through and transfer to the high temperature 
furnace. These steels decarburize readily if 
held too long at or above the preheating tem- 
perature, 

Where large tools are to be hardened, a 
desirable. The first 
1150 to 138000 and 


temperature is 1500 to 


double preheat is often 
preheating temperature is 
the second preheating 
16007 FP. 

High Heat 


furnace, 


After transferring to the high 
temperature No. 
heated quickly to the hardening temperature of 
2325 to 2375 
should be heated to a hardening temperature of 


2375 to 242° F. 


steel 1 should be 
F.. while types No. 2, 3 and 4 


from As soon as the steel has 


Composition of the steels, Carbon 
. 
as given in the table, covers 
practically the entire range of 


cobalt high speed steels now 


i) use; others may require 


Approximate Composition of Cobalt High Speed Stee/s 


No. 1 | 0.65 to 0.80\ 3.5 to 9.5 
No. 2\ 0.65 to 0.80\ 3.5 to 95 
No. 3| 0.65 to 085| 3.5 to 45 
No. 9 to 0.85 | 5.5 to 45 


“Aromium| Tungsten Cobalt Molybdenum Yanadium 
+ + + 

75 t019.5 | 15toZ20 

toI85\| 55 to $.0 |\040to050\ O75 

175 t018.5 | 9.0 \040t0o080\ 10t020 


An 2770 
5 tt 


10.0 to 19.0\ 0.40 to 0.75 to 15 
| 


different heat treatment. 


Application — Cobalt high speed steels are 
particularly adapted for cutting hard, gritty, or 
scaly material, such as cast iron, heat treated 
‘icels, or sand castings. They do not show the 
Sune increased efliciency in the cutting of soft 

terials as when cutting comparatively hard 


al. 
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reached this temperature it should be imme- 
diately quenched. Prolonged soaking will cause 
excessive decarburization and some grain 
growth. 
Quenching These stee!s may be quenched 
in either still air, air blast or oil, depending 


upon the size and design (Continued on p. 62) 


29 


| 


Ladles 


Photograph by Llewellyn Thomas 


q 
+ i, < 
4 


Editorial 


Stronger IRON founders are deserving of 
- = much credit for the continuous 


improvement of their melting 
and molding practices, which has enabled them 
to satisfy the demands of their more exacting 
customers. Even without making any great 
expenditures for new plant or equipment, the 
more progressive concerns can now work reg- 
ularly to specifications thought impossible to 
achieve some vears back. 

Much of the improvement has been due to 
urging from the automotive industry. Cylinder 
blocks, for instance, must be made of a fluid 
iron with thin walls, vet must be strong, wear 
resistant and machinable. This difficult: com- 
bination has been achieved by extra hot metal, 
a mixture of pig iron and steel, usually with 
illoving elements like nickel, chromium, and 
molybdenum. 

Powerful motors, faster acceleration, auto- 
matic gear shifting, free-wheeling — all have 
increased the punishment absorbed by many 
‘ulomotive parts. Not the least of these are the 
pressure plate castings in clutches. Gray iron, 
sed in the past, is being replaced with alloy 

on, almost twice as strong. 

Cast iron brake drums have also given great 

lisfaction; centrifugal casting inside a steel 


ell being just now a very popular method. 
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High strength gray or alloy iron permits smatlet 
brakes for the smaller wheels decreed by stvle, 
wide enough to take the extra punishment of 
high speed operation. Radiation of heat during 
severe braking is a problem successfully met by 
one scheme or another in nearly all designs, but 


has vet to be solved for hig! 


! speed bus service 
on mountain roads, 

Heat treated irons are also past the experi- 
mental stage as far as camshafts are concerned. 
The properties achieved by a clever combina- 
tion of chill molds, alloving, and heat treatment 
are almost infinite in variety, and the tield of 
usefulness of heat treated iron will therefore be 
restricted principally by the conservatisin of 
the customers or inadequate promotion by the 
foundries. 

In some respects manufacturers of agricul- 
tural equipment are going their automotive 
brothers one better. Even though machining 
allowances on castings for the latter have been 
reduced as low as 3 32 in. the farm implement 
man believes in casting to much closer limits 
and no machining at all. Hence one finds in- 
numerable bevel gears, ratchets, and other parts 
up to 2 in. diameter cast in dry cores to 0.005 in. 
tolerance, and used as cast. 

Farm tools generally use but little high 
strength or alloy iron. Before a better machine 
can be built for less money, it is generally 
necessary to redesign the entire implement, 
using the capabilities of the new materials to 
the limit. This requires first that the designers 
know more about metallurgy than nine out of 
ten of them do. Substitution of materials for 
single parts is usually made on the simpler basis 
of price; for instance, malleable iron has suf- 
fered much because in many cases pressed steel 
parts or welded structures can be substituted at 
lower cost with no sacrifice in strength. 

The higher strength grav irons also chal- 
lenge malleable castings for certain classes of 
service, Where ductility is not a factor. Phis 
challenge will certainly be met by an industry 
long active inthe promotion of sounder, stronger 
and more reliable metal. 

The future therefore holds out interesting 
developments to the iron founder who can keep 
abreast of these changing conditions, and who 
has a staff intelligent enough to embrace the 


opportunities which can be created. 
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SINCE the science of 


metallography is so very 


U n< onquered 


Worlds Ahead 


that its technique is changing quite rapidly. 


voung, it is only natural 
Most apparent is the increase in precision. By 
this is meant more than the matter-of-course 
improvement in sensitivity and accuracy of the 
furnaces, pyrometers, microscopes and testers. 
lt applies to the study of metals and allovs of 
highest purity. 

Wholly new properties, differing kind 
us well as degree, have been found in common 
metals Like zine, aluminum, and manganese, 
doubly refined to spectroscopic purity. Hence 
there is ground for the statement that we do 
not vel know what iron really is, and possibly 
Dr. Yensen’s guess is true that pure iron 
pure iron has no allotropic transformations! 
That such refinings have more than academic 
importance is proven by the recent commercial 
development of oxvgen-free copper, 
copper of improved ductility. and endurance, 
to compete with standard electrolytic copper 
(VU.91 copper, long a standard of excellence). 
The necessity of chasing out the last traces of 
impurities from zine is also well known to 
dlic-casters, 

“Increase of precision” is a phrase which 
also applies to the unit under observation. Hap- 
pily the crude micrographs at low power which 
adorn the literature of 15 vears ago have been 
supplanted by excellent photographs of clearly 
resolved detail at 500 to 2000 or 3000) magni- 
fications. 

Furthermore, precise microscopic work is 
more than a research tool —— its use implies a 
very definite attitude toward unsolved problems 
worthy of wider imitation, and that is that if 
is better to look intently and measure what 
vou see than it is to argue or theorize about 
What must be there. PF. FP. Lucas’ early work 
on the nature of martensite is a good example. 
Of recent vears he has returned to the study of 
the size, number, and composition of the fine 
carbide particles in hardened steel, and the pre- 
liminary results announced to various Chapters 
of the indicate that much qualitative 
metallography is about to be supplanted by a 
quantitative science. 


Magnification at 12,000 diameters and the 


use of the ultramicroscope is not the limit of 
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fineness, for evervone knows what X-ray crysta 
analysis has been able to tell about the atomi: 
arrangement. Even though the conclusions 
drawn from X-ray diffraction patterns usually 
apply to the average of conditions existing is 
the metal rather than the precise circumstances 
at a certain interesting spot, the practical and 
theoretical possibilities of this work have only 
been scratched. To explain the nature of solid 
solutions and compounds, and the electrical 
properties of metal it will probably be necessary 
to vo even finer, to electrons and nucleus, but as 
vel sub-atomic physics is mostly speculative. 

But in addition to this great increase in 
precision and sensitivity of experimentation, a 
profound change in viewpoint is clearly to be 
observed. No longer is metallography a scienc: 
of static and stable things, since many so-called 
metastable phases are being studied, and w: 
are at last beginning to think of transformations 
and decompositions in terms of rales. Abroad 
a great deal of work has been done to map out 
the mechanism of the aging of duralumin or 
the hardening of beryllium-copper —— important 
work that is not widely enough known in 
America. The various effects of the hardening 
and tempering of steel were early recognized 
as being due to an interrupted reaction, but 
until Bain and his associates actually measured 
some of these rates, and applied the data to 
the problem of soft spots on quenched steel, 
we all talked in generalities. 

Here again, theory marches with practice, 
and will undoubtedly aid in solving the impor- 
tant problem of preventing the precipitation of 
carbide from “austenitic” chromium-nickel stee! 
during long time at high temperature. Pre 
cipitation of an insoluble constituent from a 
solid solution has been recognized as the caus¢ 
of age hardening of numerous metals and al 
lovs in facet, it is the prime cause of hard 
ening by heat treatment. The reaction is so 
common as to lead C. FE. MacQuigg to wonde! 
whether a solid solution is not inherently up 
stable. In this connection try to explain thy 
structure of meteorites. All man-made nicke! 
iron alloys are single phase solid) solutions, 
heaven-made nickel-iron alloys are enormous 
crystals in two phases, one nickel-rich, on 
nickel-poor. The principal difference is tha 
one is infinitely young, the other infinitely old 
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Castings 


Improved by 


Air Cooling 


By T. N. ARMSTRONG 


Assistant Metallurgist 
Norfolk Navy Yard 


EMAND FOR ALLOY STEEL CAST- 
ings has been so widespread that a number of 
foundries have been forced to include them in 
their production. With the increase in demand 
for alloy castings there has been a correspond- 
ing Increase in the physical requirements. Many 
foundrymen have found themselves in the em- 
barrassing position of not being able to meet 
these specifications merely by making alloy 
additions to their steels, since it has become a 
problem of proper heat treatment as well as 
caretul selection of the most suitable alloy steel 
lor the purpose intended. 

There is no doubt that, in many instances, 
illov castings are being specified for the re- 
placement of carbon steel castings when there is 
ho justification for the change. Also, there is a 
lendency on the part of the designer (par- 
ticularly in ship construction) to specify lighter 
ind stronger castings to replace heavy ones of 


plain carbon steel Then if the part fails to give 
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satisfactory service the blame is laid at. the 
foundryvman’s door, whereas the basis of the 
trouble is that the designer failed to realize le 
was decreasing the rigidity of the part when hi 
was reducing the size. 

Fortunately, these instances are the evxcep 
tion rather than the rule. The existing demand 
for lighter. stronger castings can be met success 
fully only with allow steels, and this condition 
is plainly indicated by statistics of production 
since the Wat About 


made 1920 were this) proportion 


of the steel castings 


steadily increased until 1928, and at present ts 
on the order of 1 ton out of every &. 

Some commonly used sp cilications re quit 
ing certain combinations of strength and duc 
tility in the casting can be met by a number ot 
allov steels after heat treating the con 
ventional manner, that ts, a plain anneal 
Other specifications call for such exceedingly 
high values for both ductility and strength that 
ho matter what alloy steel is selected, it is neces 
sary to resort to some particular treatment 

As is well known, practically all steel cast 
ings are subjected to some heat treatment before 
they are placed in service. The most popular 
treatment is a single anneal or a single normal 
above the 


Some 


ize at oa temperature to 200 
critical range — usually 1600) to T7000 
specifications require that alloy castings, par 
ticularly those of large size, be subjected to a 
double anneal. Although there is evidence of 
an inerease in ductility after the second anneal, 
as shown by the table on page 34; this increase 
in ductility is usually accompanied by ai ae 
crease in strength. The most favorable argu 
ment for double annealing in place of singk 
annealing is a greater homogeneity in the micro 
scope structure, 

fo obtain the maximum properties in 
pearlitic castings with 0.30 to O40 carbon it ts 
necessary to quench it ino some liquid (It 
should be noted that this discussion is limited to 
medium carbon castings of that carbon range, 


While this article is 


printed by permission of the Navy Department, 


used for naval purposes, 


thre opinions advanced are those of the writer 
and should not be construed to be the official 
views of the Navy Department.) Liquid quench 
ing is also necessary to obtain the maximum 


properties derived from the thes 
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Properties of large Castings After Heat Ireatment 


Casting contains 0.50%C,0.90%Mn, F.00%N 


First Second Normalized 
Annea/ | Annea/ end Tempered 
Elongation 29.0 29.0 50.0 
Reduction of area 55.5 55.0 50.0 
Kield point 55,250 52,200 54,750 
Tensile strength 64,500 | 62,750 86,500 


Casting contains 040%C,090%Mn, 0.60% 1.5 


First Annea/ Normelized 
Annes! \at end Tempered 
Elongation 20.0 286.5 27.0 
Reduction of area 28.5 52.5 49.0 
vield point 58,750 47,500 58,000 
Tensile strength 103,100 \ 89,500 87,500 
Casting contains 0.28%C,0.60%Mn 
First | Second Quenched 
Annes/ | Annes/ and Tempered 
Elongation 26.5 29.5 26.0 
Reduction of area 45.0 57.0 55.0 
Kield point 47,350 48,850 71,000 
Tensile strength 60,100 | 65,620 94,150 


Casting contains 0.J0%C, 095 %Mn, 1.5% Ni, 0.14 


first Second | Spherai-| Norme/ized 
Annee/ | Annes/ dized | and Jempered 
impact (10mm.squere/ 18 28 46. 40 
Elongation 24.0 24.0 27.5 25.0 
Reduction of ereea 47.0 44.5 55.0 50.0 
Yield point 62,250 61,750 68,500 71,000 
Tensile strength 97,500 95,500 68,750 92,250 


steels. Some few types of small castings can be 
and are quenched successfully, but as a rule it 
is impractical to attempt to quench large 
castings or even small ones having decided dif- 
ferences of section. 

Normalizing is considered to be an inter- 
mediate step between liquid quenching and 
annealing, as it is thought of as an “air quench.” 
It does not give the high values obtained by 
liquid quenching, but does give decidedly better 
values than obtained by annealing. (See the 
table for representative values.) 

Tempering is considered good practice after 
normalizing for all steel castings and is essen- 


tial for most of the alloy steels. 
Air Quench Not Dangerous 


A treatment which has given excellent prop- 
erties to carbon steels and a number of the alloy 
steels consists of normalizing from a high tem- 
to L800 


perature, 1700 F.. to break up the cast 
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structure, followed by normalizing from slightly 
above the critical range, 1500° to 1550°, and then 
tempering at whatever temperature is necessary 
to meet the ductility requirements, usually 1100 
to 1250. 


sively for small castings but there appears to be 


This treatment has been used exten- 


considerable timidity on the part of metallur- 
gists and foundrymen in subjecting a medium 
or large sized casting to such a treatment. 

There is a popular belief that such a “dras- 
tic” procedure will crack the casting. It is not 
realized that there is less danger of cracking 
during this treatment than there is when the 
same casting cools in the mold. Tendency to 
crack is reduced to a minimum by preventing 
the casting from cooling below 600°, except 
after final tempering (which is done in the fur- 
nace very slowly). 

Such castings as the rudder frame shown 
in the illustration opposite have been given 
this treatment without warping or showing any 


treatment cracks. This is an excellent example 
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a large piece having thick and thin sections. 

Some of the higher carbon steels and some 

the alloy steels give excellent results after a 

heroidizing treatment. It is interesting to 

te that most of the steels which react favor- 
bly to this treatment contain over 0.30% car- 
bon, with the possible exception of some of the 
vanadium steels. Ordinarily, spheroidized 
casting will show a considerable drop in both 
tensile strength and yield point with an increase 
in ductility. Consequently, the treatment should 
be reserved for that class of steel which will be 
improved both in tensile strength and ductility 
and in impact resistance. 

The program starts with normalizing from a 
high temperature, 1700) to 1800), to break up 
the cast structure. Next normalize for grain 
refinement at 1500 to 1550. Then anneal for a 
prolonged time just below the critical range, 
usually 1250° to 1300), to spheroidize the ce- 
mentite. 

It must be borne in mind that different 
steels react to this treatment in different ways, 
and while the ductility values are nearly always 
increased the strength may be lowered con- 
siderably. Note the last set of figures in the 


table on the opposite page. 


Improving the Ductility 


In making steel for high strength castings 
it is not unusual to find that the steel will more 
than meet the strength requirements but have 
less than the specified ductility (that is, clonga- 
tion and reduction of area) after an annealing 
or normalizing from above the critical range. 
A successful softening treatment is an anneal 
just above the lower critical temperature (Ar, 
point) and within the critical range, usually 
1825 to 1375) 

It is futile to attempt to establish any one 
treatment to obtain the maximum properties of 
a number of different classes of steel castings, 
as each class possesses certain characteristics 
Which differ from those of any other class. 
Maximum strength and maximum ductility can- 
not be obtained at the same time with the same 
treatment. There are certain treatments, how- 
ever, which will give maximum strength and 
best ductility. There is litthe doubt that double 
normalizing and tempering, and in certain in- 
stances spheroidizing, are treatments for steel 
castings which will increase rapidly in popu- 
larity as soon as the foundryman realizes their 


practicability and value. 


13-Ton Rudder Frame Cast of 0.30°% Carbon 3% Nickel Steel. It has been 
double normalized and tempered. Stern posts for light cruisers weigh 43000 
lb.. are cast of electric alloy steel and subjected to complex heat treatments 
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ISCOVERY OF PLATINUM AND THE 
birth of applied science were so nearly coinci- 
dent, and their paths of development have been 
so interdependent, that a chronicle of the uses 
of platinum draws an accurate picture of the 
progress of science in industry. Innumerable 
experimenters, from Faraday to Edison, have 
either studied platinum or have used it in their 
inventions which have exercised so important 
an influence upon our present mode of living. 

A strange ore came from Colombia in the 
New World during the middle of the I8th cen- 
tury. Tt was called oro blanco or platina (little 
Silver), but was not of interest to gold seekers 
due to its refractory nature. Chemists prompthy 
began to unravel its complexities. It was found 
to be soluble in aqua regia and that a new metal 
could be precipitated from such a solution by 
potassium or ammonium chloride. Today this 
method continues to be used for the commercial 
refining of the metal. Charles Knight produced 
platinum on a commercial scale in’ T8000 by 
welding or sintering platinum sponge — a 
method used a century later to make ductile 
tungsten. 

Dr. Wollaston (perhaps the most important 
hame in the history of the platinum metals) 
found that the metal which had been called 
platinum was not a simple substance but con- 
This led 


to his announcement of the discovery of pal- 


tained several closely allied metals. 


ladium and rhodium in 1804. Osmium, iridium, 
and ruthenium were discovered by others 
shortly thereafter. 

The technique of producing massive plat- 
inum was also greatly advanced by Wollaston, 
who developed Knight's sintering process on a 
commercial scale and built up quite a profitable 
business in refining platinum and in producing 
itin wrought form. In the course of this work, 
he devised a method for drawing ultra-tine 
platinum wire by coating a moderately coarse 
wire with silver, drawing the composite wire 
to a small size, and then removing the silver 
coating by acid. By this method wires as fine 
as O.00005 in. diameter can be produced, and 
were later to become of importance in the elec- 
trolvtic detectors for carly radio apparatus. 

The fusion of platinum became possible 


through the invention of the oxv-hydrogen blow- 
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The 


March of 


Platinum 


im Industry 


By EDMUND M. WISI 
Research Laboratory 
International Nickel In: 
tavonne, N. J. 


pipe by Robert Hore, and in 1836 he recounted 
his experiences in melting platinum in quant 
ties of 28 oz. Pioneer firms in” England, 
Germany, and the United States actively entered 
into the refining and fabrication of platinum 
articles on a commercial scale during the latte 
half of the nineteenth century, and made this 
metal generally available in its diverse comme! 
cial forms. 

Chemists were early awake to the uniqu 
properties of platinum as a corrosion resista! 
metal and as a catalyst. In fact, as early as 
1812. Davy suggested that platinum spon: 
would be a suitable catalwst for the oxidath 
of sulphur dioxide to produce sulphuric ack 
and in 1831 this suggestion was tried on a co! 
mercial scale. In 1875 the use of purer S 


led to success. The equilibrium relations 
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Wet Process Equipment in World's Largest Platinum 
Refinery. Operated hy Vond Nickel Acton, England 


volved in this process were thoroughly inves- 
tigated so that this platinum catalyst has become 
firmly established in the industry for the pro- 
duction of high purity sulphuric acid. Large 
quantities were also emploved for evaporating 
pans used for concentrating weak sulphuric 
acid made by the chamber process. 

Production of nitric acid by the catalytic 
oXidation of ammonia on platinum becam 
commercially important in 1903. With the suc- 
cess of Haber’s synthetic ammonia process, this 
method of producing nitric acid became so suc 
cessful that it has well nigh supplanted natural! 
Hitrates as a source of nitric acid and is com- 
peting with them for fertilizer. 

The ammonia oxidation unit employs a cat- 
ilvst gauze woven preferably from a rhodium- 
platinum alloy. This gauze, usually multi-layer, 
isin the form of a flat pad or a evlinder through 
Which the mixture of ammonia and air passes. 
lhe gauze attains a temperature as high as 
lho) in service, but platinum alloys with- 
stand high temperatures so well that a single 
atalvst unit will produce upwards of 1,000,000 
». Of nitric acid before repairs are needed. 

Many other reactions catalyzed by platinum 

ive received attention, notably the hywdrogena- 


ion of unsaturated hydrocarbons. At present. 
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however, most of the GO0.Q00,000 Ib. of oils and 
fats hydrogenated each vear the United 
States are treated with nickel, rather than plat- 
inum or palladium, although some palladium is 
being very successfully used for the complete 
hydrogenation of special products. 

Chemists early adopted platinum for cru- 
cibles, and later for electrodes emploved in 
electrolytic analysis and also for the windings 
of furnaces used for combustion reactions. The 
advance of the ravon industry required a metal 
extremely resistant to corrosion and one which 
could be accurately drilled with hair-fine holes. 
Platinum alloys were promptly developed for 
this, and are today in almost universal use for 


this important service. 
Makes Best Thermocouples 


Platinum metals have been indirectly vers 
important to metallurgists, who have been pro 
vided with a convenient and accurate means 
for measuring high temperatures through the 
discovery by LeChatelier of the excellent rho 
dium-platinum vs. platinum thermocouple. This 
thermocouple is to the metallurgist what the 
balance is to the chemist. and constituted a 


vreat forward step toward placing metallurgs 
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on a quantitative basis. Were it not for the 
platinum thermocouple, not only as a laboratory 
standard but also as a working tool, our high 
temperature operations would be far less ex- 
tensive than they now are, and many important 
advances, not only in the metallurgical but also 
in the ceramic art, would have been delaved 
for vears. 

Thermocouple protection tubes have been 
vastly improved both with respect to gas tight- 
ness and resistance to thermal shock and have 
thus greatly extended the applications of the 
platinum thermocouple. Furthermore, it) has 
recently been found that heavy gage platinum 
couples could be operated direct contact 
with molten glass, so that means are now avail- 
able for accurately controlling the temperature 
of continuous glass melting furnaces —— a simple 
solution of a vexing problem. 

Alloys of the platinum metals received 
little attention in the early vears, but as methods 
for purifving and melting platinum improved, 
the purer and softer metal was sometimes too 
soft for the intended use. It was then found 
that relatively small quantities of iridium, when 
alloved with platinum, hardened it greatly, and 
this metal became the standard hardener. Much 
later, it was found that others of the platinum 
group metals, such as rhodium and ruthenium, 


were Suitable hardeners. These strong, high 


Casting an Ingot of Platinum 


melting point, corrosion resistant alloys we: 
very generally used for diverse purposes an 
were adopted by dentists at an early date fo: 
pins to support artificial teeth and for con 
structing more elaborate dental restorations 
During the World War, when platinum becam: 
scarce, other alloys containing palladium, plat 
inum, and gold were developed. These alloys, 
like platinum, can be fired directly into th: 
porcelain at temperatures as high as 2400° F 

From time to time, platinum was used for 
hardening the gold alloys employed for jewelry 
and dental purposes, but it was not until quite 
recently that the fact that they could be hard- 
ened by heat treatment became generally 
known. alloys, which will develop 
strengths as high as 180,000 Ib. per sq.in., are 
now being widely employed for dental pur- 
poses. With the increased availability of pal- 
ladium, white alloys suitable for dental use 
have been developed and these are now being 
adopted in situations where their inconspicuous 
white color, moderate cost, and excellent prop- 
erties render them desirable. 

Prospectors in remote corners of the earth 
discovered several small deposits of a very 
hard, granular, metallic substance possessing 
extraordinary resistance to acids. It was found 
that this was a natural alloy of platinum group 
metals, largely osmium and iridium. It proved 
to be the ideal material for 
tipping the nibs of gold 
pens, where a metal pos 
sessing extreme resistance 
to ink corrosion and abra 
sive wear is essential. In 
fact. these alloys have ren- 
dered the fountain pen 
practical. 

Development of — the 
electrical industry provided 
many new uses for the ver- 
satile metal platinum. § It 
was required for contacts, 
standard resistors, and elec- 
trodes, some of these uses 
being of considerable mag- 
nitude. For instance, Ed- 
ison recounts that his lab- 
oratory supply of platinum 


was greatly augmented by 
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Group of Platinum Laboratory Ware 


the gift of a number of Grove cells. These 
cells were equipped with a platinum elec- 
trode immersed in nitric acid as a depolar- 
izer, and for many vears were in general 
use supplying current for telegraphs and 
laboratory work. 

The invention of the telephone brought 
further uses of platinum for contacts; it has 
grown to large proportions and now takes 
many thousand ounces of platinum’s ally, 
palladium, each vear. 

The successful incandescent lamp was 
the result of a long quest, during many 
stages of which platinum did unique service. 
De LaRue in 1820 constructed what was per- 
haps the first lamp of this kind and used a 
platinum filament in a glass tube. Edison's 
carbon filament lamp was a brilliant suc- 
cess, but, paradoxically, it created a most 
active demand for platinum, for this metal 
was essential to gas-tight seals of the lead- 
in wires. A shortage of platinum was actu- 
ally in prospect until platinum-clad and 
copper-clad wires of nickel-iron alloy were 
produced which possessed a coeflicient of 
expansion sufficiently close to that of glass 
to be acceptable. 

Physicists had been busily investigating 
the mode of conduction of electricity through 
gases, emploving tubes with platinum lead- 
In wires and electrodes. Rontgen, working 
with one of these tubes, made the accidental 


and startling discovery that barium platino- 
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cvanide would fluoresce when brought near 
such a tube, even though the latter were 
covered with paper or with thin sheets of 
metal wholly opaque to visible light. He 
thereupon had discovered X-rays, which 
have since proved to be so important to the 
surgeon, the scientist, and the metallurgist. 

Réntgen followed up this discovery with 
others and found that the efliciency of the 
tube was greatly improved if a platinum 
target was emploved, and for many vears 
this was the standard construction. Some 
of the tubes were equipped with a side tube 


of palladium to be heated in the flame of 


Spinning a Platinum Crucible 


an alcohol lamp, thereupon permitting hydrogen 
to diffuse through the metal into the N-rayv tube 
in quantities sufficient to lower the vacuum to the 
desired extent. 

Wehnelt found, in 1904, that) lime-coated 
platinum filament is an excellent emitter of what 
we now know as electrons, and this type of filament 
has been widely used in the thermionic amplifier 
tubes which have made radio and long distance 
telephony possible. Today much of the excellence 
of long distance telephony is due to the use of thou 
sands of these amplifving tubes with platinum 
filaments, and the millions of relays with palladium 
contacts. 

When the mechanical engineer, in his search 
for a new and better source of power, was devel- 


oping the internal combustion engine, he found in 
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platinum a suitable matertal for constructing 
the tubes required for the hot tube igniter. 
Shortly atter this, electrical ignition became 
popular, at first in the form of the make-and- 
break ignitor, which required very hard plat- 
num metal contacts akin in composition to the 
osmium-iridium alloys used for tipping gold 
pens. Then came high tension ignition, requir 
ing iridium-platinum contacts in the spark coil 
or the high tension magneto. Platinum was 
ultimately replaced by cheaper metals the 
battery ignition systems, but recent experiments 
indicate that certain palladium allows may be 
utilized with great success in this twpe of igni- 
lion equipment. Platinum is the standard con 
tact metal in the high tension magnetos used 
on atrerafi, where reliability: ts) all-important. 

Very recently one of the rarer platinum 
vroup metals was found suitable for surfacing 
metal mirrors, due to a high reflectivity and 
freedom from tarnish. number of these 
searchlight reflectors, 60 in, diameter, have been 
made for the Army and a number are now 
bemy made for the Navy. Some S000) small 
reflectors of this type are emploved in lighting 
the stage at Radio City. 

Phe above account contains many instances 
of the temporary use of platinum: and its asso- 
crated metals where they did veoman service 
until special allovs of less costly metals could 
be developed. Frequently, such substitution ts 
impossible or undesirable. The result has been 
a fairly steady and increasing demand. New 
sources of platinum were sought and extensive 
alluvial deposits were discovered in 1825 in the 
Ural mountains. These deposits have since 
coustituted the largest single source of platinum. 

Phe Choco district in South America, where 
platinum was first discovered, has been actively 
worked in recent vears and now contributes 
an tmportant share. Extensive deposits were 
also discovered inp South Africa and became 
productive Some of them are very 
rich while others, though extensive, are of much 
lower grade and constitute tremendous re 
serve which can be economically tapped when 
the price and demand require. 

The ores of the Sudbury district of Canada 
were long known to contain platinum and pal- 
ladium, and substantial amounts were recov- 


ered incidental to the refining of the nickel and 
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copper derived from these deposits. Changes 
in the refining processes and the development 
of the great Frood Mine bys the International 
Nickel Co. have so increased the importance of 
this source of platinum metals that it now ranks 
second as a source of platinum group metals 
and first as a source of palladium. As a part of 
these developments, the platinum refinery. of 
the Mond Nickel Co. at Acton, England, was 
enlarged so that it is now the largest in the 
world and is turning out the component metals 
in the form of sponge of exceptional purity. 
The price of platinum has varied consid 
ably during the past 150) vears — the crud 
metal having sold as low as SIloa pound in the 
eighteenth century and at some SS per pound 
at the beginning of the nineteenth. The pric 
rose to about So per ounce in the sixties, and 
to Sto in During the World War the 
price reached about S10 per ounce, while it is 
currently quoted about 333 to S35 per ounce. 
Native platinum was used for personal 
adornment by the pre-historic Peruvians, but 
it was only during the present century that uses 
for jewelry assumed importance. It was per 
haps initiated by the observation that diamonds 


mounted in platinum presented a vastly better 


appearance than those mounted in gold. The 
properties of the metal itself its whiteness, 
strength, and nobility uniquely adapted it to 


this use. Later, the increased price of platinum 
made the metal even more attractive for jew 
elry, so that today it is firmly established tn 
the fine jewelry industry. In fact, this industry 
is the largest single user of platinum, consum- 
ing as it does some JO,000 to LOOQ00 ounces ot 
platinum per vear in the United States alone 
Perhaps the foregoing account of the uses 
of platinum has given some conception of the 
diverse properties and potentialities of this 
metal and will suggest new ways in which it 
can serve the growing needs of industry. In 
this connection it may be noted that the re 
markable inertness of platinum the 
rhodium-platinum allows to oxidation at very 
high temperatures is now being recognized and 
is leading to new industrial applications where 
refractories and base metal alloys have proved 
inadequate. It seems probable that numerous 
other applications to high temperature process 


and corrosion resistant equipment will develop 
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Re-Design 
is a problem sitting 


on the doorstep of 
most manufacturers 


On U.S. Navy Dirigibles “Akron” 

nd “Macon”, water recovery tanks 

ide of Alcoa Aluminum streamline 

ing are employed to condense en 

ne exhaust gases . . . water so con 

nsed is stored and thus, compensat- 

t for fuel used by engine, serves to 
juahze weight of ships. 


Basic Materials 
and Good Re-Design 


“In the coming era of business revival, F 
which will be the greatest period of 

re-design the world has ever known, | } J i 
aluminum will play a large and signifi- : e 
cant part. It will be the basic material in thousands ti 
of products. 
“The immediate future of industry and science will witness 

a sharp and decisive battle against mere weight. The public, "a 
its buying power revivified, will demand beauty of form, 4 
new efficiency of performance and durability. 

“T have found that Alcoa Aluminum, because of its great 
tensile strength combined with its light weight, ite re- 
sistance to corrosion and its ready applicability to countless , 
shapes, serves the designer's aims perfectly in creating 
many new articles or recreating old ones of greater utility, 


beauty and salability.** 
. 


Re Designed, this feather weight iron 


ductivity because sole and pressure plate 
are made of a single Alcoa Aluminum 
Casting, with heat unit cast as insert. 


Railroad Re-Design...smart, modern 

railroad car for main line operation. 

Undertrame, body frame, roof struc- 


ture, body sides, interior panels and 


mre merit 


weighs only 30, lbs. 
4 


What Customers want... is the reason for the 


vast shift to ALCOA ALUMINUM 


.. . weighs only 3 Ibs. Has better heat con- 


... The Autotram ... America’s 


first streamlined automotive type 


trim made of the light, strong alloys 
1 . 

of Alcoa Aluminum. Sixty feet long 

. S€ats 42 Passengers... Operates 


with an automobile type engine .. . 
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To help insure “eternal light” . . . Tubular Bus 
made of Alcoa Aluminum. Its light weight and 
the ease with which it is formed simplify and 
speed up construction . . . high ratio or ie 
to weight cuts number of insulators needed . . 

often effects saving in supporting structures 


Re-Designed Auto Heater Register Parts . . . 
Alcoa Aluminum Die Castings—all 4 of them. 
They replaced sand castings . . . saved weight 
. money, too, because die-casting cut out 
machining and polishing . . . brought out desig: 
details formerly lost. Note butterfly valve . . 
it fits elbow without machining. 


Make what Customers want 


Now!... that’s Re-Design in 
a Nutshell 


*Alumilite” is a process by which a decorative 
and protective coating can be applied to Alcoa 
Aluminum and its alloys... in either plain. . . 
or colored finishes. Neither a paint nor a plating, 
the hard Alumilite finish is an integral part of 
the surface that cannot chip or peel off. 


A high-speed chain hoist . . . a regular 
“Sky-hook” Re-Designed in Alcoa Alu- 
minum, it weighs only 58 Ibs., yet will 
lift a full ton. Can be handled by one 
man on a scaffold or a ladder. 


Aluminized .. . these titan aluminum 
s truck trailers haul 19 tons of milk every 
trip. . . stay within highway weight 
limits. Tanks are “single compartment” 
welded throughout . . . no glass liners 
. aluminum is non-toxic. 


What Customers want... is the reason for the vast 
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Maker of Wallboard 
designs it. . . using 
Alcoa Aluminum Foil. 
sled-wallboard insu- 
‘tes, because heat 
unces back from the 
right surface of the 
il... stays inside the 
structure in Winter 
. stays outside in 
Summer. 


Screws, Buttons, Bolts, Nuts ; 
made of Alcoa Aluminum, are | 
the equal in strength of other ; 
metals commonly used, but ; 
only /3as heavy... perfect in 
fit... resistant to corrosion. - 


Product Re-Design, using Alcoa 
Aluminum, has pulled many Products 
| out of Sales Doldrums 


Thanks to Alcoa Aluminum this orna- 
mental octagonal lobby hght . . . is light. 
It measures 10 feet across .. . and the cast 
aluminum plates were filed, polished to a 


satin finish and lacquered. 

newest Radio Tubes made of Alcoa Using the many light, strong alloys of Alcoa Aluminum it 1s possible to secure 
Aluminum meet needs of rigidity, great strength with extreme lightness... to get a metal that is highly resistant to 
springiness, and smart appearance. corrosion... that is bright and an excellent conductor of heat and electricity. Cost 
In the back. Alcoa Aluminum Ex- is low compared to other metals not possessing all these specific advantages. Quick 
truded Cans for Radio Electrolytic delivery from warehouse stock in principal cities. Ask for the name of your 
Condensers . . . Shape cannot be ob- nearest distributor. For information on how to use, form or handle Alcoa Alu- 
tained economically except by impact minum in any way write us. ALUMINUM COMPANY of AMERICA, 2591D Oliver 
extrusion process . . . threaded neck Building, PIT [SBURGH, PENNSYLVANIA. 
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Polishing 


& Etching of 


Constituents of 


Aluminum Alloys 


By F. KELLER and G. W. WILCOX 


Aluminum Research Laboratories 
New Kensington, Pa. 


SYSTEMATIC. GUIDE FOR IDENTI- 
fving the constituents occurring in aluminum 
allovs is presented as a data sheet on the oppo- 
site page, with the idea that it will prove useful 
lo metallographers. It is similar to the one 
suggested by E. H. Dix, Jr. and W. D. Keith 
before the American Society for Testing Mate- 
rials in 1926, except that a number of new con- 
stituents have been added. 

The constituents are found in a eutectic 
network in “as cast” alloys and distributed at 
throughout the matrix in wrought 
illovs. Some of the more common, such as 
uAL, silicon, Mg Si, and Al-Mg can be identi- 
ed quite readily by their polishing character- 
sties, color, and manner of occurrence. Others, 


wever, are sometimes present that are more 


PRIL, 1933 


difficult to identify and necessitate the use of 


etching reagents. 

In general, the constituents occurring in 
aluminum allovs are of the following nature 
(a) Elements that do not form compounds with 
aluminum and therefore are present the 
primary state; (>) elements that form = inter 
metallic compounds with aluminum; (¢) inter 
metallic compounds formed by two or more 
elements other than aluminum and which are 
stable in aluminum (for example, Mg Si); (a) 
lernary or more complex constituents, 

Obviously, the first step is to polish thy 
specimen. The preferred method used in thy 
Aluminum Research Laboratories is carried oul 
in the following order: 

(a) Microtome cut to provide a truly plan 
surface. 

(b) Polishing on a rotating disk at about 
S00 rpom. using a “kitten’s ear” broadcloth pad 
and No, 600 alundum, 

(c) Final polishing on a rotating disk at 
about 150 rpm. using heavy magnesium oxide 
powder on oa “kittem’s ear” broadcloth pad 
moistened with distilled water. 

When a microtome is not available the 
plane surface can be obtained by rubbing on a 
mill file. This operation can be followed by 
hand polishing on 0, 00, and 000 metallographic 
emery paper in the order named. Operations 
(/) and (¢) can then be carried out. 

Six etching solutions are in) general use 
These are all aqueous solutions made up by 
volume when acids are used, and by weight 
in the case of sodium hydroxide. Their designa 
tion and manner of use are as follows: 

lL 05% hydrotluoric acid. This ts applied 
by swabbing the specimen with a soft cotton 
swab for 15 see. 

2. I. sodium hydroxide. This should be 
applied by swabbing for 10) see. 

&. 10% sodium hydroxide used at a tem 
perature of 70° ©. (160° The specimen 
should be immersed for 5 sec. and rinsed in 
cold water. 

1 20’. sulphuric acid used at a tempera 
ture of 70) ©. (160° The specimen should 


be immersed for 30 sec. and quenched in cold 


water. 
» 25% nitric acid used at a temperature 
ot 7 (.. (100 speciinen should 
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immersed for 40 sec. and quenched in cold 
water. 

6. HF-HCI-HNO, mixture, containing 1.0°, 
hydrofluoric acid, 1.5‘, hydrochloric acid, and 
2.5. nitric acid. The specimen should be im- 
mersed for 10 to 20 sec. and washed in a stream 
of warm water. (This reagent is specifically 
recommended for developing the grain struc- 
ture of alloys of the duralumin type such as 
17ST and Alclad 17ST as well as for all alu- 
minum-copper alloys. See a paper published 
in Mining and Metallurgy, July, 1928, by E. H. 
Dix, Jr. and F. Kel- 


ler.) 


Two methods of 


etching are com- 


mon use —— by immer- 
sion and by swabbing. 
The practice of swab- 
bing with dilute 
solution of hydroflu- 
oric acid or sodium 
hvdroxide has been 
found to give uniform and satisfactory results, 
particularly in the preparation of surfaces for 
photomicrography. Experiments have shown 
that the temperature of both specimen and 
etching reagent, the concentration of the solu- 
tion, and the time of etching should be con- 


trolled to give uniform results. 


Methods of Identification 


The first attempt to identify the constitu- 
ents should be made on the unetched specimen, 
using color and manner of occurrence as a 
means of differentiation. 

For judging the color it is advisable to 
employ light approximately the color of day- 
light. Addition of an Eastman filter No. 78A 
(which has a bluish tint) converts the light of 
a o-amp. carbon are with Eastman neutral tint 
filter to approximately that of davlight. Any 
white light will give about the same results, 
although the bluish tints aid in the separation 
of different constituents. 

Examination ata magnification of 500 diam- 
eters using a ti-mm. objective and 10. ocular 
is recommended. 

The effect of the various etching solutions 


on the 20 different constituents found in) alu- 
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minum alloys is given in the data sheet pub 
lished in February. The systematic guide give; 
on page 44 of the present issue is somewhat! 
tentative, as it is subject to all the limitations 
of any etching procedure. It should prove ade 
quate in a majority of cases as a means fo 
identification, even though the composition oj 
the alloy is not known. In general, the work is 
simplified if the approximate chemical compo- 
sition is known. However, by following the 
guide, a good idea of the alloy type or composi- 
tion may be obtained. 

It should be recognized that the constitu 
ents are not easily identified without the back 
ground of experience gained through — th: 
examination of alloys containing known con- 
stituents. For those interested in the metal- 
lography of aluminum alloys the value of a 
set of standard specimens cannot be overesti- 
mated. Such a set of 20 alloys has been made 
at the Aluminum Research Laboratories, using 
high purity metal (99.95'. Al) to which only 
the purest alloving elements were added. In 
these allows the characteristic constituents occur 
without the presence of others arising from 
the impurities existing in) commercial ingots 
and allows. 

The chemical compositions of the 20 special 
alloys used to develop the individual constil- 
uents are as follows (wherein the figures rep- 
resent the weight percentage of metals other 
than aluminum in their respective orders) : 
Silicon, 12.89; Mg.Si, 19.63:11.58; CuAL, 6.54; 
Al-Mg, 10.21; FeAl, 6.65; Al-Fe-Si, 1.492417; 
Al-Fe-Si, 11.88:7.67; Al-Mn, 3.08; NiAL, 4.00; 
Al-Fe-Mn, 1.84:1.52; Al-Cu-Ni, 4.00:4.00) (nom 
inal composition); a@ Al-Cu-Fe, 1.00:1.00; 6 Al 
Cu-Fe, 2.50:1.00; Al-Cu-Fe-Mn, 4.00:0.50 20.60; 
Al-Mn-Si, 2.12:1.82; Al-Cu-Mg, 4.16:5.47; CaSi.. 
1.50:2.10; Al-Cu-Mn, 8.99:1.07; CrAl., 1Al; Al 
Cr-Fe, 1.00:4.00, 

A series of seven plates has been prepared 
and will be published in a subsequent issue of 
Merat. Progress showing the identical particl 
of constituent, unetched and after etching wil! 
each of the six solutions previously described 
These photomicrographs are all at a magnifica 
tion of S00 diameters. They should serve as 
a means of reference for determining the ap 
pearance and separation of the different con 


stituents when using the etchants described. 
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creasing use of the self-baking “Soderberg” 


Rapid developments and in- 


electrode in Europe are worthy of note. 

The two largest European electric steel 
plants — the Aosta works in Italy, and the Ugine 
works in France have used Soéderberg clec- 
trodes exclusively for many vears in their 20 

to 30-ton furnaces. Other 


Ad vantages important producers = (as, 


of Sadechere 
Electrodes 


for instance, the Acciaicric 
& Ferriere Lombarde in 
Italv) have completely re- 
placed the graphite clec- 
trodes with the Séderberg electrodes in’ their 
large furnaces, 

Similar advantages to those noted below 
have been found in other tvpes of furnaces, as 
well as in the manufacture of different products. 
Statistics from the principal Italian) electro- 
inetallurgical industries show the relative d« 
velopment of the Soderberg electrode at present. 
In the production of ferro-alloys 25 furnaces 
with 62 electrodes consume 70500 kya. of en- 


ergy. Fighteen furnaces with 31) Soderberg 
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electrodes are making calcium carbide, using 
39.500 kva. For steel making, 13 furnaces with 
33 such electrodes consume about 49,000 kya, of 
electrical energy. 

One of the important points in comparing 
a self-baking electrode with a graphite electrode 
for a steel furnace is that the latter not only can 
be made of a smaller diameter than the former 
(on account of its higher electric conductivity) 
but must be so made on account of the practical 
difficulty of graphitizing, without ruinous break- 
age, a carbon of very large diameter (say 2 to 
3 ft.). Aside from this factor, the great advan- 
tage of a large electrode, especially when smelt- 
ing scrap in a large furnace, is that a much 
larger surface comes into contact with the 
charge. This distributes the heat much better 
throughout the whole furnace, avoiding the 
localized overheating and melting which is tvpi- 
cal of a scrap charge melted in a large furnace 
with graphite electrodes. 

The most important consequence of the bet- 
ter distribution of heat is a very substantial 
shortening of the melting and refining opera- 
tions. This fact has always been ascertained by 
the European steel works which have replaced 
the graphitized carbons by the large self-baking 
ones, and is responsible for great economies in 
the current, refractories, electrodes, and ferro- 
allovs used. 

These circumstances make for a much 
lower cost per ton of steel produced and explain 
the fact that. with very few exceptions, the large 
steel furnaces in Italy are equipped with Soder- 
berg electrodes. The majority of small furnaces 
(3 to 5 tons) and the medium sized ones (5 
to 10 tons) use natural 
vraphite electrodes made 
by the “Societa Taleo e 
Gratite di Valo Chisone.” 

Several recent im- 
provements in the appara- 
tus for the continuous and 
automatic lowering of the 
carbons have spurred this 
veneral adoption of the self-baking continuous 
electrode. Other important developments are 
carbons of oblong cross-section, the application 
of the safetv “wisdom ribbon.” the use of water 
cooled flexible cables, and above all the im- 


provement in the quality of the paste and in the 
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design of the steel ribs, which permit a great 
increase in the current density. 

Mr. Séderberg is now studving the applica- 
tions of his electrode to the aluminum: industry. 
The first results of large-scale experiments seem 
to be extremely encouraging. The same may 
be said of the experiments on exceptionally 


to tt. in diameter such as 


large sizes 
are required in the Miguet furnaces. The ex- 
cellent results obtained in the last few months 
in Italy with new Miguet furnaces of large 
capacity render these new researches extremes 
interesting. 


ATERBURY, On reading M. EL. 
Medwedells excellent article on “Work- 
ability of Brass” in the February issue of Mera 
Progress, noticed one small inaccuracy in no- 
menclature, to wit: The heading of the table on 
pave 21 should be “Rockwell Fo Hardness” and 


not “Rockwell B Hardness.” 


The makers of the Rockwell 


F Scale for 
Thin Brace 


instrument have assigned the 
letter F to designate the scale 
resulting from the use of 
,-in. ball with 60-ke. load (and this loading is 
plainly stated in the subtitle of the table men- 
tioned). The B scale applies only ,\,-in. ball, 
1W-kg. load. This relatively new F scale is par- 
ticularly suited to tests on thin sheet and strip 
material, such as brass. A description of the 
seven Rockwell scales now accepted for various 
classes of metal articles is given in a section 
prepared by the writer for the forthcoming edi- 
tion of the American Society for Steel Treating’s 
National Metals Handbook. 
Atvan L. Davis 
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oe IRRENHEAD, ENGLAND — Corrosion is such 

a complex subject that one is hardly sur- 
prised at the sudden appearance of a new and 
troublesome manifestation. That is what has 
happened in the shipping industry, where cor- 
rosion troubles are always with us. 

In the early davs of the steel ship the double 
bottom tanks were mainly used for purposes 
of trim in the ship. They were or were not 
filled with sea water 
according to the de- Sicel 
mands of the nature 
of the cargo carried. Resists Corrosion 
Qn oceasion certain 
tanks were tilled with fresh water for drinking 
lin the 


former case protective coatings in the nature ot 


purposes or for boiler consumption, 


cement wash were applied, and in the latte 
case various greases of the solid and semi-solid 
variety were used with more or less success. 
During the War, however, it was found that 
where stability conditions did not interfere it 
was possible to convey valuable liquid cargo, 
particularly fuel oils, in double bottom tanks 
So far as British ships 
were concerned this cargo 
was only homeward, and 
it followed that on the out- 
ward trip stabilitv. condi- 
tions might necessitate fill- 


ing with sea water tanks 


that had previously held 
fuel oil. For some vears 
the opinion was chiefly held that this carriage 
of oil was highly beneficial to the material of 
which the tanks were made, and this was prob 
ably so, but of late vears (and particularly with 
more modern ships) a somewhat virulent type 
of corrosion has made itself evident. Pitting ts 
deep and frequent, and paints and greases re- 
fuse to adhere for more than a comparatively 
short time. Many are the remedies which have 
been suggested and tried — nearly as many as 
the suggested reasons for the phenomenon ! 

In the writer's opinion, after investigating 
a great many cases, the most likely explanation 
is one tendered by Dr. Montgomery in a papel 
recently read before the Institute of Naval 
Architects on “Hull Corrosion.” The hypothesis 
may be brietly stated as follows: 


In pre-War davs when a charge-hand in a 
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shipbuilding vard wanted plates or sections he 
vent to the storekeeper, who went to the rack, 
vot the plates down and handed them over. 
hese plates had probably been in the rack for 
some time and therefore had had adequate op- 
portunity for weathering, with its consequent 
detachment of the mill scale. Conditions are 
different now: Plates are only being rolled as 
required and are put into service within a very 
short time after their manufacture. The result 
is that probably moisture is concealed under the 
scale and in course of time does its corrosive 
work, 
G. 


CONN. The article by Hans 

Diergarten on “Graded or Interrupted 
Hardening” in) Progress last) month, 
brought to mind an investigation of the inter- 
rupted hardening of OS. carbon steel wire 
0.192 in. diameter made in the Research Labora- 
tories of the American Chain Co. in 1920 and 
prior. It was found that 


‘el, whe ‘nche 
this steel, when quenched [ateorrupted 


bath maintained at 450 Hardening of 


FF. was fully austenitic and Carbon Steel 


non-magnetic. The austen- 


from 100) FF. into a salt 


ite was stable for at least 5 min. and the wire 
could be readily bent or formed at this tem- 
perature, having a hardness of C-25. However, 
on cooling to room temperature the austenite 
transformed to martensite of Rockwell hardness 
(-o% no matter how slowly it was cooled. Trans- 
formation at 500 to 600° F. is slower and results 
11) large needles of lower hardness. 

It was suggested that this quenching method 
had definite value to shop 
practice as it might be 
used to avoid quenching 
cracks in tool steel be 
cause by slowly cooling 
after the salt quench (Cin 
air, for instance) the 


whole of the tool would 


vo through the martensitic 
expansion at one time thus avoiding quenching 
strains. Also it was suggested that pressing or 
forming could be done while the metal was soft 


and austenitic (as, for instance, coiling wire into 
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a spring) after which it would harden as it 
‘ooled to room temperature. 

\ full account of this work was published 
bv the writer in the Journal of the Iron & Steel 
Institute in 1929. This is of interest in connec 
tion with Herr Diergarten’s article, as he states 
he could not get satisfactory interrupted hard 
ening with !.-in. disks of plain carbon tool steel, 
quenched in oil at and: subsequently 
cooled in cold water. 


Lewis 


ALO ALTO, Can. In a recent tour, the 

writer was struck by the number of metal 
buildings used on the ranches and Pacific beach 
resorts. Thev included bungalows, garages, 
small offices, auto camp cabins, wavside stands 
and catch-penny booths, sheep shelters, poultry 
houses, rabbit runs, and feed cribs. Some ot 
them were home made and 


not much of an improve- 


Eve Anpeal 
but many were of pre-fab- Helps Metal 


ricated metal sections, port- 
able and readyv-built) into 


ment over a tin-can shanty, 


an attractive structure. In some designs great 
ingenuity was shown in adapting metal to an 
appearance of brick, frame or stone construc 
lion; in others the lines were frankly of steel. 
These observations and earlier experienc 
not only with metal partitions but the manu 
facture of metal toys and display signs, convince 
the writer that the matter of proper protection 
and decoration is of prime importance and must 
he adequately solved before any large expansion 
of sheet metal into these uses is possible. It is 
more than a coincidence that the best salesman 


for metal partitions is a man having a flair for 
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decoration. Unfortunately, most of the manu- 
facturers feel that it is impossible to predict the 
color scheme in any building and the aesthet- 
ic taste of the customer. Consequently they are 
content to ship the partitions or building unit 
with a tan, gray, or drab ground coat, and many 
sales are lost because the customer has not the 
imagination to visualize the attractive surface 
which can be laid over them. 

Much 
region for installation in shops and factories. 


metal partition is bought this 
While few superintendents would feel that it ts 
necessary to paint baskets of fruit upon the 
shop walls, it certainly does not decrease the 
efliciency of the worker nor the eve strain to 
cover them with geometric forms or conven- 
tional designs, boldly executed in harmonious 
colors, Office enclosures, at least, can be sprayed 
with aluminum or gold bronzing liquids, with 
very litthe additional expense and with great 
effectiveness. 

Metal construction has so many advantages 


as to durability, fire resistance, and sanitation 


alpen Japan —It is usual to measure the 

total shrinkage of a cast bar during cooling 
from melt to room temperature by means of an 
extensometer built into the mold. Mr. Keep in 
America and Dr. Turner in England have led the 
way in such useful foundry studies. It is very 
questionable whether this apparatus gives a true 
value of the shrinkage. Therefore the writer 
and R. Kikuchi resolved to decide this point by 
a further experiment with an improved instru- 
ment of the Turner type, and arrived at the 


conclusion that the shrinkage as measured by 


SLriakege 
Mel: to 
Cold Metal 


an extensometer princi- 
pally the contraction after 
solidification of the casting. 

First, the “total shrink- 
age” of various metals, such 
as aluminum, tin, lead, bis- 
muth, antimony, and type metal in the range of 
temperature from their molten state to room 
temperature, were measured by our improved 
Next, the 


after solidification was measured accurately by 


Turner extensometer. contraction 
using the total dilatometer constantly used in 
our Institute; that is to say, circular rods were 
made of the above metals, and the expansion 
of each of them was measured from room tem- 
perature up to a temperature near its melting 
point, at which plastic deformation began. In 
this way, expansion-temperature curves were 
obtained for the several metals, which were ex- 
tended to the melting point to give the total 
linear expansion in the solid phase. These two 
sets of results are given in Columns | and IL in 
the table. 


that the higher first cost 
over a lath and plaster par- li Tots! 
inear Expansion olume Wificati 
tition is very often justified. Metals |__ Expansion 
Shrinkage 

The writer feels that. this xtensometer | Dilatometer\ 3x Column iT Column til + WV | 
desirable market for the Column! | Columall | Column lll \ Column Column V 
ordinary grades of sheet Aluminum | 2.06% 1.79% 5.37% 6.27% 11.64% 
steel can be indefinitely ex- 10.5E 

Lead 0.90 0.99 2.97 3.45 6.42 
tended if more attention is Bismuth 0.22 0.36 1.08 met -225 
viven to its surface. It Antimony 0.58 0.89 2.07 -0.96 ee 
would be well for the men lype metal 0.57 0.60 1.60 1.25 FOF 


in this branch of the metal 


industry to take an idea from the auto body 


makers. 


chaser to decorate his own car! 


They do not depend upon the pur- 


They are also 


able to avoid deadly uniformity. 


GEORGI 


From this table, it can be seen that for these 
metals, the linear expansions measured by the 
dilatometer roughly coincide with those meas- 
ured by the extensometer. The latter figures 


also agree satisfactorily with those obtained by 
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evious investigators by means of extensom- 
rs. Hence it is to be concluded that the 
tensometer used in foundry researches gives 
incipally the shrinkage after solidification of 
‘hese metals, and that it cannot include any of 
© contraction during solidification. The re- 
sults are of most importance to pattern makers. 
Some years ago Dr. H. Endo and Dr. Y. 
Matuyama measured the contraction during 
solidification by means of a thermo-balance. 
heir results are given in Column IV of the 
above table. Column II] contains the volume 
expansions of the metals in the solid phase; the 
figures are merely tiree times the values in 
Column Il. The last column is the sum of the 
values in Column III and Column IV, and is the 
true total shrinkage in volume undergone by 
these metals in cooling from a_ temperature 
just before solidification 
down to room temperature. 
Thus the total shrinkage is 
seen to be much greater 
than that obtained by ex- 


tensometers built into test 


molds. 
Koraro Honpa 
ARIS, France —In estimating the mech- 


anical properties of a part of given shape 
and dimensions, only the specific qualities of the 
metal are generally considered (such as_ its 
strength, elasticity, and structure) and one loses 
sight of the influence of the surface condition. 
Yet it may modify in a 
striking way the resist- Surface Effecs 
ance of the part to T q 
shock or alternating oe 
stresses. This condition and Endurance 
it the surface results 
from its mechanical preparation or its chemical 
or thermal history. To realize the complexity 
ft the phenomena, one can consider the sundry 
iwctions during the preparation of finished 
part. In fact, a double effect may happen 
ther a modification of the geometrical state 
r of the physico-chemical or structural condi- 
nm of the surface. 
In either case, we ordinarily think of its 
‘uence either on the toughness (resistance to 


olent impact) or on the fatigue limit (resist- 
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ance to evelic stresses). To estimate these ef- 
fects we must use test pieces whose surfaces are 
in the exact state which is to be studied and 
whose resilience and fatigue limit have pre- 
viously been determined in a standardized con- 
dition. 

As to geometrical modifications, it is well 
to remember that there is no surface having an 
ideal polish. Relative degrees of roughness may 
be defined either by measuring the reflective 
power by the microscope or by a mechanical 
recorder such as described by Firestone, Durbin, 
and Abbott in Merat Progress, April, 1932. The 
surface is made up of hollows and bosses, the 
shape, spacing, curvature, and orientation of 
which are quite variable. 

Generally, the resistance to shock and fa- 
tigue will decrease as the furrows become 
sharper, deeper, and in better line with the 
stresses. For instance, grinding may decrease 
the resilience when the marks are normal to the 
length of the test piece. The harmful influence 
of corrosion on the fatigue limit, when it en- 
larges pits, scratches, or cracks, is well known, 
On the other hand, general corrosion may dis- 
solve the edges of grinding marks, and thus re- 
move undesirable “stress raisers.” Surface 
oxidation in the furnace may act in the same 
manner, 

The phystco-chemical modifications may be 
merely chemical ones and affect the analysis of 
the surface (cementation, 
decarburization or nitri- 
ding); they may be physico- 
chemical changes (such as 
the effects of tempering and 
annealing), or else affect the 


purely physical or mechan- 


ical (Continued on p. OS) 
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Concentrates 


from current 


literature 


NE of the most useful reference books tor 

any steel maker or student of steel making 
is “IRON AND STEEL” by HL. P. Tiemann (Me- 
Graw-Hill Book Co. New York). It is called a 
pocket enevclopedia, and this is a proper sub- 
title, for if anvone wants to know what this or 
that process is or what the steel-worker’s lingo 
means, just look in Tiemann. The very com- 
prohensiveness of such a notebook is respon- 
sible for the fact that one must use it with 
discrimination, To give one of a hundred pos- 
sible examples, the Allis-Andrew process for 
making thin sheets) (which probably never 
worked) rates five lines, and the Steckel mill 
(which really rolls thin sheets) is given four. 
Again: 17 pages of text are used to describe 
the various direct processes — not a single one 
commercial as of 1935 in America. 

While this new edition has been reset in 
a new (and smaller) typeface, the changes 
consist mostly of the addition of a sentence or 
paragraph here and there rather than a_thor- 
ough-vgoing rewriting of the 1919 text. Of course 
this is unnecessary for the standardized steel 
and iron making processes and for historical 
notes, but it becomes a serious defect in those 
sections relating to the rapidly growing subjects 
of alloy steel, metallography, physical metal- 


lurgy, and heat treatment. For instance, the 


“best modern high speed” steel is quoted as 
1906, with 0.295) vanadium! Nor are the S.A. 
steels even mentioned, 

So if vou dont own a copy of Tiemann 
“Iron and Steel” by all means buy one, b 
if vou have the 1919 edition, it will serve v 
just as well. Either edition plus the A.S.S/| 
“Metals Handbook” will answer 9 out of 10 
of the questions which are likely to be asked 


about metal. 


ARDENING of gear teeth can be accom 

plished with a minimum of distortion by 
localized heating with an oxy-acetyvlene flam 
and quenching by water jets. Equipment for 
FLAME HARDENING developed at the Wes! 
inghouse Nuttall plant and described by N. FE. 
Woldman in Vachinery tor February, consists 
ina double or forked torch providing two flames 
that heat both sides of each tooth simultan: 
ously. Heating is followed immediately by 
quenching; one operator handles the torch and 
another the water jets. If size permits, the gears 
are then given a strain-relieving draw in an oil 
bath. With this method only the working sur 
faces of the teeth are hardened, the gear proper 
retaining its ductility. Plain carbon steels can 
be surface hardened to 100 to 500 Brinell, alloy 
steels as high as 600 Brinell. A railway pinion 
tooth which was taper ground over an Sin 
length after hardening showed a range of 192 
Brinell near the core to 177 at the tooth edy 
Ata depth of ©, in. from the surface, the hard 


ness was 250 Brinell, 


N ANNEALING FURNACE capable of taking 

drums 17 ft. in diameter and 75 ft. long and 
heating them to 2400) F. has been built by Sun 
Shipbuilding & Dry Dock Co., Chester, Pa.» 
described in Steel, Dec. 19, by P. E. Shaver, 1! 
is a smooth steel structure, built inside a stec! 
skeleton, and lined with 9 in. insulating bric! 
held to the steel with lag screws. Work is ha! 
dled on car botfoms; counterweighted end doors 
are hoisted by motors, and a bulkhead is us 
to block off unnecessary volume when sho 
work is being heated. Staggered rows of ge 
burners are installed just above the car botto 


and just below the catenary roof; gases a! 
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ithdrawn through a series of dampered open- 
is in the walls about mid-height. These 62 
Surface Combustion burners are so arranged 
hat the furnace is subdivided lengthwise into 
» heating zones, each with its independent con- 
trol valve, operated automatically by pyrome- 
ters. When the entire furnace is in operation, 
the temperature of 16 other points is recorded 
simultaneously on Brown Instrument Co. equip- 
ment. O380-B.t.u. gas at 10 Tb. pressure is used; 


n full operation 38.300 cu.ft. per hr. is burned. 


STRIAL. Electric Heating” by N. R. 
Stansel (John Wiley & Sons, New York, 

“>) is largely reprinted from a series of articles 
in General Electric Review. The first third of 
the 180 pages contains a comprehensive outline 
of what is known about the physical phenomena 
surrounding the generation of heat from electric 
currents and its control — that is, its insulation 
and transfer. The middle third of the book 
analwzes the resistor furnace and its present- 
day forms adapted to medium high tempera- 
ture operations such as enameling, HEAT 
TREATING, and copper brazing. espe- 
clally interesting introductory chapter has to do 
with atmospheric control.) The final portion 
of the book takes up ferrous and non-ferrous 
melting, and describes the are furnace and the 
induction furnace, both low frequency and high 
frequency, wherein equal attention is given to 
the auxiliary electrical equipment. Portions of 
the subject reserved for a second volume or a 
second edition are low-temperature baking op- 
erations and the various electro-chemical oper- 
ations such as manufacture of abrasives or 
ferro-allovs — things which are of minor inter- 
est to the metal industry. Taken as a whole, 
the book appeals to one as being the systematic 
otebook of a scholarly engineer, well informed 

‘hout the latest developments in his branch of 
idustry. It therefore becomes essential 

orking tool for furnace designers, and well 

orth while for any furnace operator. One 


reat defect in the book is the muddy halftones 
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they are printed as badly as vou might wish, 
but fortunately few if any of them are necessary 
lo an understanding of the text. which is really 


illustrated by a wealth of line drawings. 


PFECT of moderate amounts of nickel and 

chromium in producing a high strength gray 
cast iron is now well known. Manutacturers 
of steel mill rolls have also used “balanced” 
compositions for heavy chill castings. Interna 
tional Nickel Co. has now developed a “Ni 
hard” analysis for wear resistant parts, where 
excessive pressure or impact is not a factor, 
As described by J. S. Vanick at the February 
meeting, American Institute of Mining & Metal 
lurgical Engineers, these irons have 2.6 to 3.2 
carbon, Of to 15 silicon, 3.0 to 5.0 nickel and 
to chromium for maximum strength ot 
core, Maximum hardness of chill (700 Brin- 
ell) requires 3.2 to 3.8% carbon, less silicon, 
and double the chromium. Clear chill of tin, 
mav be had with the former analysis; IT!) in. 
with the latter. In foundry production the al- 
lovs may usually be added at the spout, or the 
nickel may be added to the charge and the 
chromium at the spout, or the latter may be 
charged in the form of special briquettes. Use- 
ful applications have already been made to 
crusher parts, sand blast nozzles, muller tires, 


and pump bodies. 


N INSULATED and covered ladle which 

has replaced the thinner-walled open 
ladles for transferring and pouring malleable 
iron at Saginaw Malleable Iron Division of Gen 
eral Motors is described by D. O. Thomas in 
The Foundry, Jan... 1983.) By reducing heat lost 
during transfer from cupola to electric furnace, 
these INSULATED LADLES have reduced the 
amount of superheat required in’ the clectric 
furnace from 29000 to 2830° Final tempera- 
ture when the last iron is poured into the mold 
has been raised from 2510 to nearly 26507 F., 
the temperature at which fluidity begins to drop 
rapidly. Pouring ladles of 500 Ib. capacity are 
made with 2'. in. of refractory backed up with 
1', in. of insulation and a ',y-in. metal shell. 
The I's and 3-ton bull ladles are of similar 


construction with thicker refractory lining. Al 
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though relining costs 3 and &t times as much 
respectively for the new type pouring and bull 
ladles as for the old, the life has been increased 
from ft to 25 davs for the 500-Ib. ladle and from 
days for the 1!.-ton ladle. 


G RK. Firrener of the U.S. Bureau of Mines 

read a paper before the February meeting 
of the American Institute of Mining & Metallur- 
gical Engineers describing a THERMOCOUPLE 
made of a hollow graphitized carbon with a 
silicon carbide rod down its center. This has 
a thermo-electric power 30 times as high as a 
platinum couple, consequently it) will operate 
very rugged recorders and control instruments. 
Its top limit of usefulness is not known it 
(3300) 100 


(. higher than the platinum couple. The ma- 


certainly is as high as 18000 C, 


terials are stable and quite resistant to reaction 
with liquids or gases, and the couple has been 
successfully used for liquid iron and steel; long 
immersions did not affect the calibration. Fur- 
thermore, couples made in several designs by 
various experimenters reproduce each other's 
readings within If). A very useful application 
will be to determine the temperature of a bath 


of steel before tapping. 


A HYDRAULIC testing machine with a ca- 

pacity of 3,000,000 Ib. in tension or flex- 
ure and 4,000,000) Ib. in’ compression, which 
is 65 ft. high, and which can test specimens 33 
ft. long and 10x12 ft. in horizontal dimensions 
has been installed at University of California. 
It is the world’s largest precision TESTING 
MACHINE, according to G. FE. Troxell, writing 
in January Weslern Machinery and Steel World. 
An elevator completely surrounds it, allowing 
observers to examine any part of the test, and 
is connected by telephone and loud speaker 
with the glass-enclosed instrument and control 
room. Load is measured at the movable cross- 
head (point of load application) by a pressure 


capsule in two units, the upper portion being 
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an integral part of the crosshead and the low: 
unit a part of the voke in contact with the tes 
piece. The shallow gap between is filled wit! 
oil, which is prevented from leaking by a thin 
flexible diaphragm. Application of load causes 
a slight closing of the gap, and with this fri 
tionless motion, pressure is transmitted undi 
minished to the indicating dials. Sensitivity 
of registration of the applied load is) withi 


at capacity load. 


eed. hardness of metal while hot may 

be calculated by pressing two small cy! 
inders into each other and measuring the flat 
tened area. O. E. Harder and H. A. Grove ot 
Battelle; Memorial Institute have found th: 
HOT HARDNESS of tool steels whose cutting 
efliciencies had been determined by the Bureau 
of Standards, and find that the Taylor speed 
(speed to cause failure in 20 min.) is roughly 
proportional to the Brinell hardness at 7000 ©. 
(13007 F.). 


were also tested at various temperatures. At 


A number of commercial tool steels 


700) ©. the average Brinell hardness of 18-1-1 
high speed is about 190; increasing the vana- 
dium to 2’, increases the hot hardness to 260 
Brinell. High speeds with cobalt measure from 
250 to 300. Stellite, while relatively soft at 200 
C.. retains most of its hardness and measures 
at 
steel at 7000 C, 


it can successfully cut, the authors suppose that 


Since the hardness of high speed 


is less than some of the meta! 


perhaps 650) C. would be a more representativ: 
temperature for appraising relative tool effi 
ciency. 600° C. is definitely too low, as shown 
by tests on the Bureau of Standards’ tools 
These results were presented to the Iron & Stee! 


Division, A.LM.E.. February meeting. 


A CONTINUATION of T. C. Digges” inves 

tigations on MACHINABILITY OF 
METAL, which appears in Bureau of Standards 
Journal of Research for January, has to do wit! 
work hardening near the machined surface o! 
steel forgings cut with lathe tools. Hardness « 
the machined surface was greater than the oriz 
inal hardness; changes in cutting speed had n 
effect, but feed and depth of cut, and compos: 


lion and heat treatment of the steel influence: 
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Across the miles 


VOICE 


Ir may be the voice of a son or daughter away at school. 
Of a mother or father in a distant city. Of a friend or 
neighbor who is wondering how you are. Of a business 
issociate upon whose quickly spoken words some great 
ision rests. 
Across the miles, the telephone brings those voices 
vou and carries your voice in answer. A bell rings and 
u reach out your hand, knowing that somewhere- 
ar or far—another hand is reaching toward you. 
The telephone enlarges the lives and opportunities 
f all who use it because it enlarges the power to com 
inicate through speech. Contacts with people, ideas 


hanged, words spoken by these are our minds 
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AMERICAN TELEPHONE 


stimulated and the entire business of living made more 
pleasant and productive. 

Because the telephone is so important to so many 
people, the Bell System strives to make its full useful 
ness available to every one, everywhere, at all times. 
Always it tries to emphasize the close contact between 
each telephone user and the unseen men and women 
who make good service possible. Always it aims to serve 
with courtesy, dispatch and sympathetic understanding. 

Your telephone offers vou the service of a friend. At 
anv hour of the day or night, vou have but to turn to it 
to command as manv as vou need of the Bell Svstem’s 


army of carefully trained workers. 


AND TELEGRAPH COMPANY 
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the surface hardness. Tests on ten annealed car- 
bon steel forgings with carbon varving from 
O12 to indicated that steels lowest in 
carbon showed greatest work hardening. Depth 
of hardening was also ereatest in low carbon 
stecls. Other tests on serew stock showed high 
surface hardness with heavy cuts, and the high 
work hardening capacity of 18-8 even with small 
cuts. Annealing the plain carbon and 3.5%, 
nickel steel between 100 and (200° to 
7) EF.) increased the surface hardness, but 


the effect was removed by heating to 7200 © 


CHLOR-ETHYLENE as a DEGREASING 

AGENT after annealing or oil quenching, 
before sand blasting, anti-rust) processing, or 
clectroplating, was discussed by W. Fb. Jesson 
at a meeting of the British Institute of Metals 
(Welallurgia, 1982). It may be used as 
either a vapor or liquid bath, the grease and 
sediment collecting in the bottom or sump of 
the tank and being removed by distillation at 
regular intervals. The tank is heated by gas 
burners and since the tri-chlor-ethylene boils 
at 87) OC... the grease is not vaporized. Solvent 
can thus be reclaimed and if proper ventilation 
is provided, loss by diffusion into the air can 
be kept low. Other advantages are that it dis- 
solves all oils and greases, animal, vegetable, 
or mineral, whereas alkaline cleaners affect 
only animal and vegetable oils; unlike carbon 
tetrachloride (which attacks certain metals in 
the presence of moisture, particularly alumi- 
num) it is inactive; it leaves no deposit on the 
metal, as sawdust will; it is not inflammable 
like gasoline and benzine; it is rapid and simple 
and is not as unpleasant to handle as boiling 
caustic soda; and it leaves the work dry, ready 


for any succeeding process. 


“BONGINEERING Shop Practice” by O. W. 

Boston (John Wiley & Sons, New York, 
$5.50) is the first of two volumes. In this one 
the basic machine tools and their attachments 


are considered — lathe, planer, shaper, milling 
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machine, saw, drill, and reamer. 
volume is to treat screw machines, gear cutter 

vrinders, presses, and machine shop manag: 
ment. It is apparent that the word “Engine: 

ing” has the sense used in England. “Machin 
Shop Practice From an Engineering Viewpoint 
would be a more descriptive title of this firs 
volume. Prof. Boston’s work on cutting tools 
and MACHINABILITY is well known, so th 
reader is prepared for the emphasis placed in 
this book on the cutting tool rather than th: 
machine for operating it. Fortunately for th 
non-mathematical reader, the equations — of 
power, feed and speed are reduced to curves, 
and even better, definite recommendations ary 
viven for specific jobs on a dozen or mor 
common metals. As to the machine tools them 
selves, the illustrations generally are of quit: 
recent date. Litthe attempt is made to indicat 
differences between competitive designs, but the 
major types are classified and the essential 
features of each subdivision clearly stated 
Thus the book tells what can be done with a 
machine tool after vou have it, rather than what 


manufacturer to buy it from. 


The energizing material in Char Carburizers 
is sealed within the particles by a shell of pure 
carbon. ‘The wear resistant properties of this 
carbon shell make for a very low dusting loss. 


Use... 


CHAR 


CARBURIZERS 


For Economy and Quality Results 


COMPANY 


INDIANAPOLIS 


CHAR PRODUCTS 


MERCHANTS BANK BLDG. 
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Results Like These Are Obtained Only With | 


LEITZ New Micro-METALLOGRAPH 
LEITZ DARKFIELD EQUIPMENT ¢ LEITZ NEW OBJECTIVES 


orrected for Latinits) 


Laken in 
Dark 
bield 


Taken in " 


Bright 
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Al 
> 
4 | 
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\ | 
| 
f 
a 
“_* - 
> 
Cover the Identical “4 “« Both Micrograme 
4 
1300 X to Suit Advertising Space 
HYPO-EL TECTOLD COMPOSTTION STEEL (showing Lamellar-Pearlite and Ferrite) 
The Leitz Works now offer for Micro-Metallograph “MM-1" rechecking observations made in Brightfield. One ot the 
and “MM-2” a novel darkfield illumination device and a most striking features of Darkfield observation and photo- 
erles of objectives, contributing very materially to the effi- micrography is the extreme contrast coupled with maximum , 
ciency of microscopical diagnosis of metal structures. These detail. It is practically impossible to obtain a Darkfield 
new products make possible a much more positive revela- photomicrograph of mediocre contrast and the oblique il- { 
tion and study of characteristic details which until now lumination from all sides reveals to the best advantage all 
could not be observed. .. . The positiveness with which the the intimate details of the surface being examined and this 
structure is revealed under Darkfield makes it extremely use- in a manner impossible to effect with the same degree of ' 
! in research work for studying new alloys as well as in control by means of Brightfield illumination ’ 
LEITZ MICRO-METALLOGRAPH, LARGE MODEL, 
Write for Literature: Section 52-B f 


Kk. LEITZ. Dept. 282.60 E. LOth St.. New York. N.Y. 
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WITHOUT 
QUALITY 
COMPETITION 


HEAT AND CORROSION 
RESISTANT ALLOY CASTINGS 


GENERAL ALLOYS CO. 


BOSTON @ CHAMPAIGN 


Gas Carburizing 


American Gas Furnace Company invented 
and pioneered gas carburizing and some 20 years 
ago introduced it to industry. Since then they have 
been constantly improving and bringing out new 
equipment for the application of this process. First 
rotary horizontal retort gas earburizing machines . . . 
then vertical non-rotating retort gas carburizing furnaces 

. and now the new Bell-Type-Retort Furnace typify 
this development. Phey provide flexibility, economy 
and quality and will meet any carburizing require- 


ment as well as many other heat treating needs. 


The Rotary Retort Gas Carburizing Machine will 
give you the maximum in quality at minimum cost 
on any work for which it is adapted. For work 
where the rotary is not suited, Vertical Carburizers 


and Bell - Type - Retort: Furnaces are supplied. 


AMERICAN GAS FURNACE 


Oo N Y 
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Correspondence 


properties, such as the effects of cold work 
recrystallization or coalescence of excess con 
stituent. Each has an influence on the specifi: 
properties and particularly on the elastic limit, 
the elongation, and the capacity for deforma 
tion. A lower elastic limit generally lessens the 
resistance to fatigue. Reduction of the capacity 
for deformation tends to increase the brittle- 
ness, for the surface is inclined to crack under 
deformation. 

Generally, as hardening increases, the elas- 
tic limit decreases the capacity of deformation. 
Opposite effects will be observed on the resili- 
ence and the fatigue limit. 

But we must not forget that a chemical 
modification acting in one direction may involve 
modifications in the constitution and the struc- 
ture having an opposite effect on a given prop- 
erty. For instance, the decarburization of a 
martensitic steel may transform it into a coarse- 
grained ferritic steel, and it will be softened, as 
when annealing a stainless chromium steel, but 
a globular pearlitic steel may be transformed 
into a fine lamellar pearlitic one and thus be 
hardened, as when annealing steels for ball 
bearings. 

It is also true that the same mechanical 
operation may provoke varied results, accord 
ing to its intensity and behavior. Grinding may 
heat and temper a hardened steel, while a slip- 
ping locomotive wheel may harden a rail. 

Lastly the sundry effects overlap. Grinding 
modities the surface geometrically and provokes 
thermal effects. Punching scratches the hole 
and cold works it. Gas cutting modifies the 
surface geometrically, chemically, and structur 
ally. Pickling of brass may open scratches and, 
at the same time, selectively dissolve zine. Meta! 
coating by hot dip may embrittle steel either by 
the action of the cleaning acid, the dissolution 
and roughening of the steel, or the formation ot 
a brittle alloy bonded to the surface. 

Through this diversity of action, the sur 
face conditions often have a most important 
influence upon the mechanical behavior of the 
test pieces and the parts in service. 


Abert 
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ATMOSPHERE FURNACES 
(Prover— 


BY YEARS OF SUCCESSFUL OPERATION 


\ period of five years of successful operation of S.C. 
Atmosphere Furnaces assures industry of uniformity 
and quality of product, dependability and economy. 
Years of research and development by 5. C. Engineers 
have made it possible for these processes to produce 
such results and give such assurance to industry. 

Bright annealing came first. then continuous nitrid- 
ing and continuous gas carburizing. followed by heat- 
ing of steel for forging (absolutely 
scale free), and finally continuous 
brazing and deoxidizing. Today 


industry is offered proven equip- 


ment for all of these processes, 

Ss. C. Engineers will weleome an 
opportunity to point out how these 
proven Atmosphere Furnaces can 
effect savings in your plant. 


IMustrated above is a continuous wire bright annealing - gal 
ranizne furnace, equipped with futomatic ¢ tral f 
providing proper atmosphere This furnace is the oni wofits 
hind, and incorporates both bright annealing and galvanizing 
th ustrated hard ‘ hors uy 
nidati ind decarba if ed atmosy 
Viseelaneous parts machi hel bef 


Surface Combustion 


TOLEDO, OHIO Sales and Engineering Service in Principal Cities 


5 eet SC Atmosphere control is simple. inexpensive. and Also makers of 


easily installed. Proper atmosphere for bright treat- STANDARD FURNACES 


i ment of materials. ferrous and non-ferrous. is auto- Oven - Forge - Cauldron 
Pot Hardening Soft Metal 


matically maintained by SC Atmosphere Control. . . 

Send for information. Oil Tempering - Rivet Heaters 

| Air Heaters Solution Heaters 
The control of atmosphere in high speed steel harden- 
ing furnaces is very essential. The furnace illustrated ind Burner Equipment 
at the left permits the operator to produc e tools prop- CONTINUOUS FURNACES 


erly hardened and with the desired surface condition. Gas Carburizing - Liquid Heating 
| Bright Hardening Bright Annealing 
Ss. C. Atmosphere Control provides assurance that Annealing - Hardening 
Spf vour tools will be treated in the proper atmosphere to ~~~" 


produce the highest quality. W ire Patenting 
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for these 


useful pamphlets 


Pickling Inhibitors 


\ pamphlet describing the nature 
and use of Grasselli Inhibitors is 
available to all those interested = in 
the pickling of steel. It not only 
describes the merits of these in 
hibitors, but it gives a table of sug 
vested inhibitor strengths to be 
used in the pickling of the various 
grades of steel. Bulletin Ap 5. 


Low Cost Recorder 


Inexpensive dependability in 
ineasuring and recording temper 
ature is the great asset of the new 
Leeds & Northrup round chart 
Microman indicating recorder 
Which brings the reliability. and 
easy inatmtenance of the motor 
driven null recorder to a new low 
cost. Bulletin 46. 


Closer Heat Control 


Anticipatory control action may 
be obtained with any pyrometer 
controller by adding the Deoscil 
lator developed by Foxboro Co. A 
new folder tells how the device 
prevents over-controlling by aug 
menting the thermocouple E.M.F 
When the temperature is low and 
opposing it when the temperature 
is high. Bulletin 21. 


Atmosphere Furnaces 


A new folder issued by Surface 
Combustion Corp. gives” perform 
anee data on their atmosphere fur 
haces compiled from installations 
in actual production. Operations 
deseribed include bright annealing 
of ferrous and non-ferrous metals, 
carburizing, nitriding, forging with 
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out seale and hardening without 
scale. Tllustrated. Bulletin Ap-ol. 


Tool Steel Facts 


Ludlum Steel Co. is continuing 
its well-known Blue Sheet Service 
which consists of reports prepared 
by its research department, contain- 
ing accurate data and reference ma- 
terial on tool steel and its proper- 
ties as disclosed by actual tests. 
rhe company will put you on its 
nailing list) for these. Bulletin 
Ap-94. 


Stainless Sheets 


A very useful booklet describing 
the stainless steel sheets and light 
plates made by American Sheet & 
lin Plate Co... gives recommenda- 
tions for fabrication and a deserip- 
tion of finishes and analyses avail- 
able. Bulletin Ap 96. 


Furnace Parts 


Various parts for furnaces made 
from alloys manufactured by 
Driver-Harris Co. are pictured and 
deseribed in an interesting publica- 
tion. Complete performance data 
and specifications of Nichrome and 
Chromax heat resisting alloys are 
given in the booklet. Bulletin N-19. 


Scleroscopes 


The model D standard recording 
scleroscope is described and _ illus- 
trated in a recent publication of 
Shore Instrument Co. The theory 
and practice of hardness testing 
with this portable machine as de- 
scribed in this bulletin reveal a 
fund of valuable facts. Bulletin 
S-33. 


Turbo Compressors 


A series of three bulletins j 
available from Spencer Turbine Cy 
describing their Turbo Compres 
sors for oil and gas fired equipment 
and foundry cupolas. Sizes rang 
from 100 to 2,000 cu. ft., 1 to 300 
h. p., 8 oz. to 5 Ibs. Bulletin Fe-70 


Extensometer 


A simple but rugged extensomete: 
has been developed by Union Car 
bide & Carbon Research Laborato 
ries. A booklet describes how it 
works and how to use it for dete; 
mining either vield point or as «a 
strain gauge to show elongation un 
der specified load. Bulletin Ma-63 


Heat Distribution 


The advantages gained by unifor: 
temperature distribution through 
out furnace charges are fully de 
scribed in a publication of 
Westinghouse Electric & Manu 
facturing Co. In properly designed 
electric furnaces, heat can be a 
curately distributed and controlled, 
with resultant great savings in cost, 
Bulletin Ma-497. 


High Cr Cast Iron 


A pamphlet describing foundry 
production of cast irons containing 
from 15 to 30¢¢ of chromium has 
been issued by Electro Metallurgical! 
Co. These cast irons do not grow 
or scale after repeated heatings and 
are excellent for high temperature 
work. Bulletin Ma-16. 


Architectural 18-8 


A fund of valuable information on 
the architectural application of En 
duro stainless steel is contained in 
a brochure of Republic Steel Corp. 
Facts are presented on the fabrica 
tion, properties, shapes and finishes 
available. Well illustrated. Bulle 
tin Ma-217b. 


Alloys of Aluminum 


Data and tables describing the 
physical properties and chemical! 
constituents of the several alloys of 
aluminum are presented in a care- 
fully prepared booklet issued by 
Aluminum Co. of America. An au 
thoritative discussion of these al 
loys. Bulletin Fe-54. 


Big-End-Up 


Gathmann Engineering Co. briet 
ly explains the advantages ol 
steel cast in big-end-up— ingots 
showing the freedom from pipe, ex 
cessive segregation and axial poros 
ity. An 82° ingot-to-bloom vield 
of sound steel is the usual practice 
Bulletin Fe-13. 


Tobin Bronze 


Engineering data and colored 
photographs of interesting installa 
tions of Tobin Bronze are well com 
bined in a booklet prepared by the 
American Brass Co. Results ol 
varied tests on rods, shapes and 
plates make the booklet a useful! 
reference source for this metal 
Bulletin Ja-S89 
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Recuperators 


The complete story of recuper- 
rs built by Carborundum Co. for 
ijustrial furnaces is told in a read- 
je booklet. The range of types 
vailable is described and the op- 
ating conditions are outlined in 
clear manner. Bulletin F-57. 


Nickel Steel 


International Nickel Co. is pub- 
ishing an illustrated newspaper 
ied “Nickel Steel Topics” which 
intains technical, semi-technical 
d news articles dealing with the 
roduction, treatment and uses of 
ckel alloy steel. Bulletin Ju-45. 


Super Blowpipes 


The advent of natural gas has 
ade the replacement of many 
burners imperative. American Gas 
Furnace Co. describes in an illus- 
trated folder blowpipes, ribbon 
burners, cross-fires, hand torches, 
etc., Which are suitable for use with 
itural gas, propane and_ butane. 
Bulletin Ja-11. 


Titanium in Steel 


An elaborate catalogue prepared 
for technical readers describes the 
use of ferro-carbon titanium in 
steel. Titanium Alloy Manufactur- 
ing Co. prepared it. The applica- 
tion of titanium in steels for forg- 
ings, castings, rails, sheets and 
plates is thoroughly described. 
sulletin J-90. 


Micro-Metallograph 


Metallurgists will be interested in 
the description of the Leitz Model 
MM-2 Micro-Metallograph. This sim- 
plified instrument at low cost pro- 
vides all essential optical and me- 
chanical equipment to meet the re- 
quirements of industry. Bulletin 
Fe-47. 


Cast Vanadium Steel 


Jerome Strauss and George L. 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings con- 
taining various percentages of va- 
nadium. The information given is 
complete and authoritative. Bulle- 
tin §-27. 


lo Prevent Rust 


The well known rust preventive, 
No-Ox-Id, is now available from 
Dearborn Chemical Co. as a foun- 
dation for paint. It is available in 
the colors red, gray or black. A 
explains how maximum re- 
istance to corrosion can be ob- 
ined. Bulletin Ju-36. 


latiqgue Testing 


That much discussed topic 
ligue testing is covered in a 
blication of Thompson Grinder 
Interesting data on fatigue of 
tals and a description of the ro- 
ting beam type of fatigue testing 
ichine are presented. Bulletin 


RIL, 1933 


Heating Units 


An unique and very useful device 
for calculating heating units when 
figuring coiled units, covering wat- 
tages from 275 to 1000, has been 
prepared by Hoskins Mfg. Co. 
Two slotted cards are clamped back 
to back through which various data 
can be read by adjusting a card 
slides between. Bulletin 
)-24, 


Globar Elements 


Globar electrical heating units 
and a variety of accessories for 
their operation have been cata- 
logued by Globar Corp. A list of 
the standard industrial type heat- 
ing elements and a coordinated list 
of terminal mountings and acces- 


sories is included. Bulletin N-25. 


Liquid Baths 


A competent discussion of liquid 
baths for heat treating steel at tem- 
peratures from 350 to 1800° F. ap- 
pears In a recent publication of E. 
F. Houghton & Co. \ valuable 
chapter is devoted to the proper 
design of furnaces for use with 
liquid baths which lists 20 general 


furnace requirements. Bulletin 
Ja-38. 
Refractories 


A semi-technical booklet pre- 
pared by Norton Co. gives valuable 
information on the manufacturing 
processes and the various industrial 
applications of fused alumina 
(Alundum), silicon carbide (Crys- 
tolon) and fused magnesia refrac- 
tories products. Bulletin J-88. 


X-Rays in Industry 


General Electric X-Ray Corp. has 
available a profusely illustrated 
brochure entitled “Industrial Appli- 
cation of the X-Ray”, which gives 
the complete story of the field of 
application of this modern inspec- 
tion tool. Valuable information is 
presented. Bulletin Ma-6. 


Heat Resisting Alloys 


Authoritative information on al- 
loy castings, especially the chro- 
mium-nickel and straight chromium 
alloys manufactured by General Al- 
loys Co. to resist corrosion and 
high temperatures, is contained in 
one of that company’s publications. 
Bulletin D-17. 


How to Test Wear 


Tests of lubricants or of wear of 
moving parts may be made accu- 
rately with a new machine, made 
by Timken Roller Bearing Co. A 
bulletin tells how the machine tests 
the load carrying capacity of lu- 
bricants and measures the friction 
and wear of materials. Bulletin 


M-71. 


Allegheny 46 


This alloy has strength at high 
temperature and couples corrosion 
resistance with ease of fabrication. 
Allegheny Steel Co. has issued a 
bulletin covering the chemical and 
physical properties of this low alloy 
heat and corrosion resisting steel 
which has many applications in 
furnace equipment. Bulletin Fe-92. 


Cyanides and Salis 


Metallurgists will find valuable 
information in an 80-page booklet 
published by R & H Chemical De- 
partment of E. I. du Pont de Ne- 
mours Co. Technical information 
on the heat treatment of steels with 
cvanides and salts is presented in 
a lucid manner. Bulletin D-29. 


Heat Treating Data 


Brief but accurate summaries of 
the proper treatments for anneal 
ing sheets, wire, welded tanks, mal- 
leable castings and forgings are 
given in a book published by Brown 
Instrument Co. Normalizing, tem- 
pering, hardening and carburizing 
recommendations as well as many 
special treatments are included. 
Bulletin Fe-3. 


Welding Mn Steel 


Metal and Thermit Corp. offers 
a new bulletin describing the Murex 
method of welding manganese steel 
which utilizes a heavily coated 
chromium-nickel rod for a strong, 
ductile joining material and over- 
lays it with wear-resisting manga 
nese steel containing a little nickel. 
Bulletin Fe-64. 


Annealing Forgings 


Not only annealing furnaces are 
described in a recent publication 
of Electric Furnace Co. Various 
tvpes of electric and fuel fired fur 
naces designed for heat treating 
forgings are described and clearly 


illustrated. Bulletin Fe-30, 
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Cobalt High Speed 


(Continued from p. 29) of the tool being hard- 
ened. They should be cooled to a temperature 
under 300 but not below 1007 F, 


ment is available to keep the tools at a temper- 


Unless equip- 


ature within this range they should be tempered 
immediately. These steels also may be quenched 
in molten salt or lead, which is maintained at a 
temperature of from 1000 to 11007 When 
quenched in a salt or lead bath the tool is al- 
lowed to remain in the bath for from 15 to 30 
min., then removed and allowed to cool in still 
air. ‘Tools treated in this manner are subject to 
the same tempering recommendations as when 


they are cooled in air or oil, 
Temper Twice to Toughen 


Tempering — ‘Yo: obtain) maximum hard- 


ness these steels should be tempered at 1050 
holding at this temperature from 1 to 3 hr., ac 
cording to size. A second tempering, at 600 t 
terially affecting the initial hardness. 


will toughen these steels without ma 


Cobalt tool steels show a tendency to de 
carburize during the hardening operation in ap- 
proximately a direct proportion to the cobalt 
content. Because of this characteristic it is al- 
ways advisable to grind the working surface of 
the steel after hardening. It is strongly recom- 
mended that the steel be ground after forging 
and annealing and before hardening to remove 
any decarburized surface that may have re- 
sulted from the forging heat. This precaution 
will lessen the amount of decarburization. 

It is important that the proper grade and 
speed of wheel be used when grinding a hard- 
ened tool, since with too hard or fine a wheel 
or with too high a speed there is pronounced 
danger of cracking in grinding. Wet grinding 
is not generally recommended. In dry grinding 
care must be taken not to dip tools in water to 


cool, as this will crack or check the tool. 


BRIDGE 


A Maintenance Item 


The cost of cleaning steel surfaces of bridges constitutes the largest 
item of expense in connection with painting for protection. By 
the use of NO-OX-ID as a protective coating, this initial ex- 
pense will be greatly reduced. NO-ONX-ID is a rust preventive 
Its use should be considered as a maintenance proposition. . . . 
In the coating of old structures, after removing any loose rust or 
paint layers, we recommend that NO-OX-ID be sprayed or 
brushed over the entire surface. This soaks through and gradu 
ally loosens any of the old coating that remains. The chemical 


action kills the rust, and the rust drops off. These places should 


PROTECTION 


then receive a touch-up coating of NO-OXN-ID untin the metal 
becomes thoroughly clean, and all corrosion is stopped. Then 
the final coating of NO-OX-ID gives long time protection, and 
it is never necessary again to spend money for scraping and 
In following this procedure with NO-OX-ID, the 


ereatest degree ot protection is obtained with the least possibli 


cleaning. .. . 


outlay. . Bring us your rust: problems. 


COMPANY 
2454 Dundas Stree 


DEARBORN CHEMIECAL 
S10 Se. Michigan Ave 205 EB. 42nd Street 


NEW YORA 


The Original Rust Preventive 
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